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Preface

The diagrams in this manual are organized by operation.
Thus, the details of machine operations are presented in
operational flowcharts, most of which are rwo-level. The
general flow path of the two-level charts (heavy line) shows
the major objectives of an operation or instruction. De-
tailed flow paths of major objectives are located to the
right of the general flow path.

Positive-logic diagrams support the operational flowcharts.
They show logical circuit operation without regard to
signal levels. Most of the logic diagrams in this manual are
not block-for-block representations of Automated Logic
Diagrams. Rather, only blocks necessary for a logical
understanding of the operation are shown.

A knowledge of MFCU operations and CPU operations is
necessary to understand MFCU attachment operations.

Other manuals needed to understand and service the 5424
MECU attachment are:

1. The IBM 5424 MFCU Attachment, Field Engineering

Theory of Operations Manual, SY31-0253.

The IBM 5424 MFCU, Field Engineering Theory of

Operations Manual, SY31-0213,

3. The IBM 5424 MFCU, Field Engineering Maintenance
Manual, SY31-0230.

4. The IBM 5410 Central Processing Unit, Field
Engineering Theory of Operations Manual,
SY31-0207.

5. The IBM 5410 Central Processing Unit, Field

Engineering Maintenance Diagrams Manual,

SY31-0202.

The IBM 5410 Central Processing Unit, Field

Engineering Maintenance Manual, SY31-0244.
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Second Edition (Feburary 1971)

This is a major revision of, and obsoletes, SY31-0254-0.

Changes are continually made to the specifications herein; any such change will be
reported in subsequent revisions or Technical Newsletters.

A form for reader’s comments is provided at the back of this publication. If the form
has been removed, comments may be addressed to IBM Corporaticn, Product Publications,
Department 245, Rochester, Minnesota 55901.

© Copyright International Business Machines Corporation 1969, 1971

Abbreviations

ALD
ALU
APL
CPU

Cs

CSR

DA

DBI
DBO
EBCDIC

FEMD
I-0

IPL
LIO
LSR
MAP
MFCU
MPCAR
MPTAR
MRDAR
MST
NPRO
PC

PG
POR
SAR
SI0
SI0C
SLD
SNS

SS

TIO

XR

Automated Logic Diagram
Arithmetic and Logical Unit
Advance Program Level

Central Processing Unit

Cycle Steal

Cycle Steal Request

Device Address

Data Bus In

Data Bus Out

Extended Binary Coded Decimal
Interchange Code

Field Engineering Maintenance Diagrams
Input-Output (1/0)

Initial Program Load

Load Input-Output

Local Store Register

Maintenance Analysis Procedure
Mutlti-Function Card Unit

MFCU Punch Data Address Register
MFCU Print Data Address Register
MFCU Read Data Address Register
Monolithic System Technology
Non-Process Run Out

Parity Check

Parity Generate

Power on Reset

Storage Address Register

Start Input-Output

Serial 1/O Channel

Solid Logic Dense

Sense Input-Output

Single Shot

Test Input-Gutput and Branch
Index Register
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Keady, {not) Read Negator inverts logic on
N Y el a
positive logic diagrams

-
k Minus pelerity _\
AN
A C "A" and "“B" must be
B active for "C" to be
i active
B> D
F "D" or "E“ Qc,i\’e
PR 2
4 OF causes "F" to be octive

Latch Name
Set On Output

B FL

Reset & Dup |Off Output
A

d Location Flip flops or flip
Set Trigger Nomers_ o latches that are

Gate | A FF shown on another

B diagram
Cate

Reset A} Dup 4 Off Output
Ald Location

Bt s Nes¥ec T e i o

Parity Check
on Bus Line

Parity Generator
(Correct parity is

Input to 0 generated. )
bit only indicators
b \ There are 8 latches
’0 i 0 in register (0 through 7)
input bus to Reg
all bits Name

All bits transfer out

\
0 el

Only bit 7

ALD transfers out
Loc W 7
7§ —E—
4
& Register Reset

—o

Diag x-x Off-Page Connector
1/O IF Interface Connector
E: No connector shown

Diag X=X on referenced page

AR Amplifier

Indicator
Sl

FL =

On-Page
Connector
On-Page
/VCD Connector
A note is shown

this way on a
diagram

Joining Lines

Lines cross over
but do not join

8 lines on bus
kits 0,1,2,3,
4,5,6and7

Boolean Algebra Symbols

® Ina line name means "And"

<+ Ina line name means "Or"

(xx - = = x) Indicates a line name that
does not exist as an actual
ALD name, but used to better
explain the function of @
line or block

Arithmetic Logic Unit
(iocated in the CPU)

2.5 usec Single Shot

C D A positive shift on
——— P S5 "C" couses a 2.5
usec shift on "D"
Exclusive OR
Either "A" or "B"
A L
c must be active for
B ()3 "C" to be active,
but if both are active
or neither active
"C" will be inactive.
5-40A6 Ready A
Z:dicares line originates
on Diagram 5-40 at zone coordinates
Ab.
Punch 5-41B3
8

Indicates line enters Diagram 5-41
at zone coordinates B3.

Indicates 8 duplicate circuits.

pLA

E—

7 1

FL

Indicates o shift is required after
the gate pulse is present.

* Indicates o point that can be
probed on back-panel pins.

202

' Print!

—

e S

:

Clock denotes CPU clock

(2/71)  Legend
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Decision Block &n
a Flowchart
{Asks a question)

indicates the func=
tion described can
be found in the ALDs
on this page

Proceszing block on
o fiowehart

Single quotes in the

block indicate a line
name, flip latch, or
flip flop name

Keying Opercticn on
Flowchart

Terminal on ¢
flowchart

Note on a
Flowchart

Refers to another
Flowchart



Diagram 1-105. Diagnostic Techniques

Chapter |. Diagnostic Techniques

Refer to MAP charts for diagnostic
tests applicable to the 5424 attachment

5424 Attachment FEMDM
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2 v 3 v 4 v 5 v 6 v 7 \ 4 8 4 9

Hopper Check

Y

0 >

3
lllr

Feed Check

Diag 2 Stacker Full Sw (5424) Stacker STKR (5424
199 2C10 o Emit Check (20) |§4VTV * 2 IND (5424)
% Cover Open Sw (5424) sw FL
Diag 2-055 INT . Start NPRO or Start Key
Feed Check 4 U
% POR or NPRO |OR
A l = FB212
Diag 2-0I5
” Feed Check 6 ’Cover Open CVR (5424)
s 8 Or IND
Diag 2-020 FL
iag 2-
% Feed Check 9 I — Start NPRO or Start Key
; POR or NPRO jory
> Dicg 2-030 =
E Feed Check Il FBZ02 D CHIP (5424)
gori N . . Operator Intervention Req N
Diag 2-030 Chip Box Full Sw (5424) o  Chip Box OR Operator Intervention Required
Feed Check | INT K
} FL - Diag 5-280
Diag 2-CI0 Start NPRO or Start Key POR or NPRO . (set )
Feed Check 2 P 2 —_— ] set stop
— POR or NPRO |lor Stop Key (5424) SW OR
B vl | F8212 INT *
Dicg 2-015 Feed Check 3 OR OR X
“ ee ecl {————'—
asa? FB34l Hopper Check
Diag 2-0i15 Feed Choek |3 OR 1 Hopper Ck or Feed Ck
Diag 2-0 FB85I
> 199 £70% £ ed Check 12
D MFCU Clock A « (feed check) oRr Set No-Op Command No-Op Cmd’ No-Op Command
Ciag 2-035 | 1
pies % focd Check 19 -] B MFCU SO 1R Cyele [T j
2 OR R F Check
Di - 050 t d
— Feed Check 15 — e . [ox .
FB88I (reset execute print) FC202
C Diag 2-045 Sys or POR or NPRO OR

Feed Ck or Gear Emit Ck

>

ot m . Diag 5-295
|

Chan 1O Meter Run (CPU)

Feed Check 8

Diag 2-025 MFCU SNS E-B cycle A
—— Feed Check 5 888 E-B not Ist cycle I
> ot N Decode 3 A Busy to SIO .
Ciag 2-020 _ Clock 2 OR
E Feed Check 7 (not} Wait to Stacker Clear A . Chan 10 Working (CPU)
*
Diag 2-025 FBl&2
w— Feed Check |4 FBl82
Diog 2-040
D v Feed Check 16 Check or Sys Reset or NPRC
Diag 2-040 OR
D Feed Check 17 ’_
Diag 2-045 888! N Deccde 0
—~— Feed Check 18 Specified Feed Not Ready (TIO condition | met)
e 4 A
} Diag 2-050 OR
}mm Clutch Check FC222
s e OR
s B 05, i+ Data Check 1
m\ Tin lata ecl
s No-Op Command
Dicg 2- 060 .
E Clclj p Punch Check oR ‘L Device Error i '
OR | Chan 1O Check 7
Diag 5-190 J (jumper) CE Set 1O Check 1,0 IE
Punch Invalid PU FEMD 4-
[D =% CPU FEMD 4-100
Diag 5-!
G Read Check
~
Dieg 5-130, 5-370, 5-405

Diagram 2-005. MFCU Errors 5424 Attachment FEMDM (1269 2-005



Diagram 2-010. Hopper Check and Feed Check 1 2/71) 2010

2 T 3 \g 4 \ o4 5 \ 2 6 \ 7 \ ¢ 8 X 9

Feed Check Feed Check Control 2 N [ Hopper Ceunt 30 plus
Time Base I—J
Counter L
. Read Iniect Check Gate A Hopper Hopper
A [f} MFCU Clock B OR Eject Gate . Check , Hopper Check IND HPR  (5424)
Diag 2-015 A A FL P————‘!——A FL
: Ho| Check Hopper 1 or 2 I
pper Che ppe Hopper Check
FB85I l'a‘k' —_
POR or NPRO Reset Feed Check .
AR FB885l FB85!
OR 4 O Hopper Eject Check Gate
? F882i - m B 131
rot) Inhibit NPRO . i Hpr £f Ck Diag 2-0I5
Hopper Count 16 Plus TAE
Start Key N A Reset Hopper Check — Fr | A
A H r Check N
oppe e I l
FB212 OR
B Motor Ready 2 Reset Feed Check FB85!
i , Feed Check | | (5424)-
Hopper Check Hopper Cefl Dark Hpr Ej Ck 1 B OR IND b !
« J A
Motor Ready 2 A b FL
MFCU Clock B .
Reset Feed Check
A
% FB851
Model A 1 0 20 40 60 80 100 {20 140 160 180 200
I. Hopper Check - Hopper cell not covered Time {ms) ! ] ] | | ! ] { | ] |
by hopper count 30 I i | | 1 1 i | i | |
D Model A 2 0 10 20 30 40 50 60 70 80 90 100
2. Feed Check 1 - Hopper Eject Check
a. Hopper cell was not Hopper | or 2

covered by count 16
(35.8-38.4 ms)

Hopper Cell Dark

b. Card covered hopper
cell ofter count 30
& Hopper Eject Check Gate

Read Inject Check Gate

(counter reset with hopper cell
0 11921 3141506471819¢ | 1 1 | | (¥ [ | | 1 | § | | | J | | J30 darkand starts counting again)
See feed checks 2 and 4

Hopper Counter




Feed Check Control 1

4 v 5 \ 4 6 \ 4 7 \ 4 8 \ 4 9

Hopper Count 2| Plus

Hopper Cell Dark

@ Hopper Eject Check Gate

@ Diag 2-010

Feed Check 2 -

Feed Check 3 -

D Feed Check 4 -

Read Injct Ck  Foed Check 2 2 (5424)
Feed Check Control | Read Inject Check Gate ——i IND
Feed Check - - A A o
Time Base Hopper Eject Check Gate FL l—
Counter
Diag Reset Feed Check
4-i00 N FB82I
FB82I
Read Inject Check Gate
' : [F0>
Feed Check Control 2 MFCU Clock B Diag 2-010
. L Recd Stat Ck  Feed Check 3 3 (5424)
(not) Feed Cycle IND
FL
(not) Feed Check | A
Reset Feed Check
All Read Cells Dark
FB82i
Motor Ready 2
Hopper Count 12 Plus
Feed Check Controf |
Read Eject I Read Eject Chk
. A
Leading Edge A
FL L ——§ FL Feed Check 4 4 (5424)
IND
Reset Feed Check
POR or NPRO Reset Feed Check OR
AR FB82| FB82i
Trailing Edge l_r L.E. of T.E. T.E. of T.E. (not) Stacker Count 1-25 A
9 144 f (nof) Trailing Edge;l_ii FL
Hopper 1 or 2 P
I &
. ‘Model A 1 0 20 40 60 80 100 120 140 160 180 200
Read Inject Check Time (ms) | | | | | | | | | | i
Will oceur if all read cells are | 1 | 1 | | | | |
not covered at count 21 (51.2-53.8 ms) Model A 2 0 10 20 30 40 50 460 70 80 90 100
after hopper cell was covered.
Hopper Check Gate oo |

Read Station Check
Occurs if all cells are dark anytime
other than a feed cycle.

Read Eject Check

Checks that card left read station
(28.2-30.7 ms) count i2 after it~
entered recd station.

Diagram 2-015. Feed Checks 2, 3, and 4

Hopper Cell Dark

Read Inject Check Gate

Leading Edge

Read Eject Check Gote

|
{
Trailing Edge .
i 7
l . . . . .
Hopper Counter (Feed Check 2) O |1 ]2}131445]6(71819240 111243} | | ‘211 | (counter resets with leading edge. Count 2| is check time if not reset)
l
|
Hopper Counter (Feed Check 4) 0 J 1121314151617 1819)10) 12} | | ql6g ¢ 119) |

Read Eject Check Gate must be reset prior to count 12.

Counter continues to run until count 19.  Count 19 turns

on 'End Feed Cycle' which then resets 'Cord on Way to Wait'.
Counter resets with reset of 'Card on Way to Wait'.

5424 Attachment FEMDM /71 24015



Diagram 2-020. Feed Checks S and 6
(2/71) 2020

2 v 3 ) # 4 - \ 4 5 v 6 v 7 v 8 \ 9

Condition Pch Step Ctr Adv

Pre-Punch Cell Dark

{not) Execute NPRO Timed l -
Early Wt Ej Ck
F heck 5 (5424
A (not) Feed Check l = A «_ Feed Check 5 IND )
furich Reg P,R. 1 or 2 FL

Reset Feed Check

Wt Ej Gate s
k4 + t
(wait eject gate) e
FL
b Reset Feed Check
i OR e
Pch Ej or Transport Ck Gate o
Wait Count 20 Plus
Punch Reg 1 or 2 5.5. Punch Reg P.R. | or 2 5.5. Wait Eject Chk
B DAU g . g r . Wait Eiect Wit Eject Check Gete - s Feed Check6 | | 6 (5424)
Diag 5-170 (not) Punch Execute A o 4 FL
H
Reset Feed Check
FB83I
POR or NPRO .| ar | Reset Feed Check Feesl
b o | B
FB821 Wait Eject Check Gate
@ Punch Station Check Gate ’ R
- A Diag 2-030
Diag 2-030 Feed Check Control 2 . 5-170
Feed
c Check F883l
Time Base
Counter
Diag 4-100
Model A-1 0 20 40 60 80 100 120 140 160
Feed Check 5 - Early Wait Eject Check Time (ms) l | | | | | | | |
D Checks that the card does not cover | ! 1 1 i i i 1 |
pre-punch cell unless the punch reg Mode! A 2 0 10 20 30 40 50 60 70 §0
pressure roll has been energized. . .
Punch Reg P.R. ! or 2 5§ | (1.92-2.56 ys. in duration)
Feed Check 6 - Wait Eject Check
Oceuyrs if the pre-punch cell is Wait Eject Check Gate o T AN A
not covered (48.6-51.2 ms-count 20)
b aofter the pick of pressure roll | or 2.
Note: No punch operation Pre-Punch Cell Dark B
Punch Station Check Gate
i - # Punch Stati heck Gat
Wait Counter 0 php2 434445160718 1 Lt bbb b1 1 ]2 (counter is reset when pre-punch cell goes dark to turn on Punch Station Check Gate)




Pre Punch Cell Lite

Feed Check 7 - Punch Inject Check

Oceurs if pre-punch cell is not
covered by the cord before punch step
count 4. The card should be registered

Punch Check CB .
{not) Feed Check A
Time (ms)
Punch Reg P.R. | or 2

at the punch station by punch step count
4 (40 ms ofter reg pressure roll pick).
Note: Punch operation only

Feed Check 8 - Punch Registration Check |

Checks that pre-punch cell is covered
at stepper count 25 (2292 ms-column 21)
Note: Punch operation only

Feed Check 10 - Punch Registration Check 2

Checks that pre-punch cell is exposed
at stepper count 27 3316 ms -column 23)
Note: Punch operation only

Diagram 2-025. Feed Checks 7, 8, and 10

Pre Punch Cell Dark

Punch Step CB

Punch Step Counter

Punch Check CB

\ 4 5 \ 4 6 v 7 v \ 4 9
Pch Inject Chk
Punch Step Count 4 P . Feed Check 7 o |7 5429
— 1A
‘ FL
*
FB88I
A
Pch Reg's Chk |
¢ « Feed Check 8 8 (5424)
Punch Step Count 25 * | A FL IND
Faesl
Pch Reg's Chk 2
Punch Step Count 27 A + Feed Check 10 IND 10 (5424)
Pre Punch Cell Dark FL
POR or NPRO Reset Feed Check FB88!
AR
Madel A | 0 20 69 80 100 540 560 580 600 620 640
| | | ] PR | } ] | | ]
| | I I ! ! i ! ] | I I
Model A 2 Y 10 30 40 50 270 280 290 300 310 320
’ 5 ¢
1 ! 1 2 l 3 | 4 | 5 , . 23 1 24 1 25 | 26 ) 27
1 T
| | | | l | | | l
L.M us. in duration

5424 Attachment FEMDM  (12/69)
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Diagram 2-030. Feed Checks 9 and 11
(7/70)  2-030

2 v 3 \ 4 4 v 5 4 6 v 7 v 8 v 9

\ait Count 18 Pius

Execute NPRO Timed " Puncl
_ unch Pch Stat Ck F Che 5424}
ORr Station , Feed Check 9 9 (5424)
= Wait Eject Check Gaie ‘ Pre-Fonch Cell Dork +| » Punch Station Check Gute o e
A Dicg 2-020 * Fi
leset Feed Check
FBE3I
Feed Check Control | Feedt Punch Station Check Gote
Feed Check . *
Time Bese Feed Check Control 2 | - — A Dicg 2-020
f’& Counter Diag 5-170
Diag |
4-100
Wwait Count 22 Pius
* Purich Peh Xprt G .
B Pre-Punch Cell Lite 1A ] e Sh Xprt S feed Cheet 1l N (5424)
R ransport —~ IND
. tynch Transport Check Gate VA L
FL
Reset Feed Check
R FBESI
- } 0]
B ’
FV Corner Station Check Gote Punch Transport Check Gate [
£/
Diag 2-035 Diog 2-035
c Diag 5-170
Model A 1 ¢} 20 40 50 g0 100 120 140 160 180
Time (ms} L l I | | | | | | |
Feed Check 9 -Punch Station Check I i { ] 1 | | i { ]
Checks that Pre-Punch Cell is exposed Mcdei A 2 ¢ i 20 30 40 50 6C 70 e0 90
by count 16 (43.5-46.1 ms) ofte; being
covered. Pre Punch Ce!l Dork
D Note: No punch operation
Punch Stotion Check Gate
Feed Check Ii -Punch Transport Check
Checks that Corner Cell is covered
by count 22 (52.8-56.3 ms) after Punch Transport Check Gate
Pre~-Punch Cell is exposed.
Note: No punch operation
&b Corner Celt Dark
Corner Station Check Gate
Wait Counter [pch station) O (123314 516 718 9 |A|C | 116} (resets with Punch Tronspors Check Gate)
E V/ait Counter (pch xport) C i1 23 1451617 81911010 A e (resets with Corner Station Check Gate!




Wait Count 24 plus

Pch Eject Ck
*

Feed
Check
Time Base
Counter
Diag 4-100

Punch Eject Check Gate

Punch Transport Check Gate

2
A
>
B
>
C
>
=

D Diag 2-030

Feed Check 12 -
>

Feed Check 13 -

Punch Eject Check

Checks that corner cell is covered by
count 24 Ex61.5 ms) after punch stepper
count 37 (column 32).

Note: Punch operation only

Corner Station Check

Checks that card did not skew out of

corner station. Checks that cell is still

covered when corner kick delayed becomes active.

Diagram 2-035. Feed Checks 12 and 13

OR

Lift Pch Eject P.R. Punch Eject Feed Check 12 IND 12 (5424)
Punch Step Count 37 A b End Punch Cycle % _ Punch Eject Check Gate 1A L
MFCU Clock A e
FL
Reset Feed Check
Feed Check Control 2 .
FB84!
Corner Station Check Gate A Fag4l
Model A | ] 20 40 60 80 100 120 140
Time (ms) L | | | { | | |
| | 1 | | | I |
Model A2 0 10 20 30 40 50 60 70
Lift Punch Eject P.R. -
End Punch Cycle |_(on opprox 640 ns)
Punch Eject Check Gate I
Corner Cell Dark __ D
Corner Station Check Gate —
Wait Counter oQig213g4rsqeqzyelopiop | 1 | 18] | ] | | [?4] | (resets with 'Corner Station Check Gate')
. Motor Ready 2 Pwrd
C Stat Cor Stat Chk
" orner Cell Lite A o Feed Chock 13 |\ 13 (s424)
EL Corner_Station Check Gate FL
y
Feed Check Control 1 . Reset Feed Check
Corner Cell Dark * A Corner Kick Delayed IOR Reset Feed Check
FB84l FB84l
(reset on) Corner Station Check Gate .

Model A 1 0 10 20 30 40 50
—————
Model A 2 0 5 10 15 20 25

Punch Transport Check Gate N _

Corner Cell Dark

Corner Station Check Gate

Corner Kick Delayed

— I

— NN 0000

—lS

5424 Attachment FEMDM

{rv>

Diag 2-030

(7/70)

2-035



‘Diagram 2-040. Feed Checks 14 and 16 (7/70) 2040

2 v 3 2 4 4 v 5 \ 2 6 v 7 v 8 \ '/ 9

Corner Count I3 Plus

Corner
) Non-Print Corner Kick . Corner BY Ok, Feed Cheok i4 14 (5424)
A Eject Corner Eject Check Gate A IND
Comner Kick Delayed A o FL
Feed Check Control 2 . Reset Feed Check Reset Feed Check
OR|
Print Station Check Gate A I K . FBs7!
; F8871
[¢] 5 o 15 20 25 30 35 40
Time (ms) Models A land A2 | ] | | ] | | | |
B ! ] 1 1 | i l R
Non-Print Corner Kick
Feed
Check
Time Base Corner Eject Check Gote
Counter
’ 2"730 Corner Kick Delayed
Print Station Check Gate
(counter is reset when Corner Cell Lite turns
Corner Counter 0 1 | 21 3| 4145 ] { | 1 | | | 113 on Print Station Check Gate)
Corner Count 39 Plus
Corner Eject Check Gate I;rtin:‘ Print Stot Chk | Feed Check 16 l6 (5424)
Feed Check Control | * A atton Print Station Check Gate IND
> (not) Non-Print Corner Kick FL e
Reset Feed Check Reset Feed Check
{not) Post Print Cell Lite . v
Feed Chack 14 - Corner Eject Check F8871
Checks that Corner Cell is exposed
by count I3 (=33 ms) after Comer
D Kick Mag Is picked.
Note: Not print operation,
Feed Check 16 ~ Print Station Check
Chocks Post Print Cell is coverod 0 1] 20 30 40 50 60 70 80 0 100
by count 39 (95 ms) ofter Corner Time (ms) Models Al and A 2 [ | | il ] | | | | | ]
> Cell is exposed. | 1 I I 1 | | | | | 1
Note: Not print operction,

Corner Cell Dark [

Print Station Check Gate

E (not) Post Print Cell Lite

) (resets when Post Print Cell goes dark,
1121314156 ]7]8]9 [0} 1]12]13 {14 [15]16 |17 [18 {19 |20]21 [22|23[24125[26R7R8RIOL | | | ¢ | 1 | | {391 Counter must be reset before count 39)

Corner Counter



Feed Check 15 - Print Inject Gate
: Checks that corner cell is exposed
by print clock count 3
Note: Print operation only

D Feed Check 17 - Print Eject Check
Checks that card covers post-print
cell by count 25 (=72 ms) after
print clock 22 for 3 lines of print
or by count 22 (=56 ms) after print
clock 28 for 4 lines of print
This feed check indicates thot card

> is early or late in covering post cell.
If print stepper clutch fails to latch,
the cord is sent to the stacker before
check resulting in feed check 17.
Usually a clutch check is also indicated
Note: Print operation only

Diagram 2-045. Feed Checks 15 and 17

Corner Cell Dark

v 5 \ 4 6 4 7 v 8 v 9

L+ Prt Inject Ck
Print Clock 3 r M MET 5% Feed Check I5 15 (5424)
A IND
(not}- Feed Check — FL
POR or NPRO Reset Feed Check [
AR FB8sl
Model A | 0 20 40 60 80 100
Time (ms) L | | | | |
I | | | 1 1
Model A 2 0 10 20 30 40 50
Corner Cell Dark
Print Clock 0 l ] 2 J 3 ! 4
Carner Count 25 Plus
Print Ejt Ck
LM A Tt A L Feed Check 17 17 (5424)
|N l * OR Print Eject Check Gate 1A fL IND
oK Print 4 Lines | A
l > Reset Feed Check
Diag 5-245 Corner Count 22 Plus
FB87!
Last Print Clock ,  frint Eect
FL
(not) Post-Print Cell Lite .
Reset Feed Check 1o
FB871
0 20 40 60 80 ) 100 120 140 160 180 200 220
Time (ms) Model Al ond A2 L ] | | | | | | | | | |

Last Print Clock (3 lines)
Print Eject Check Gate
(not) Post-Print Cell Lite

Corner Counter (3 lines)

“Last Print Clock (4 lines)

Print Eject Check Gote

(not) Post-Print Cell Lite

Corner Counter (4 lines)

NISENEE IR (counter resets when Print Eject Gate resets)
1 23456789 25

Print Clock 28
T T s

RN RN RN | EEREN (counter resets when Print Eject Gate resets)

123456789 22

5424 Attachment FEMDM  (7/70)

2045



Tl (not) Post-Print Cell Lite

Diagram 2-050. Feed Checks 18 and 19 (7/70) 2050

2 v 3 A 4 4 v 5 v 6 v 7 \ 4 8 v 9

Feed Check Control 3

A Stacker Count !
| - l
Stacker Decode o
X Transport 2
Counter
Feed Check Time Base 2 " 1
Eker Count | Stk Ct1-25 Stacker Count 1-25 * Motor Ready 2 " N e 6 FFs 4 « Stacker Count 2!
FL OR Gate Stacker Counter Advance I ——
P . (not) Post-Print Cell Lite , 8
Stacker Count 1-25 . . ""'"“ .
Reset Feed Check JOR] [] Gate Stacker Counter Reset o9 6 Diag
N > Stacker Count 1-25

- 4-135
FB89) ! [— A op et B 45 {3 ‘
Reset Feed Check FB86!

. Feed Check 18 18 (5424
B ee: ec IND )

0 20 40 60 80 100
Time {ms) Models A | and A 2 ! | | | ] | Note: Feed check 18 is not latched.
| ] i 1 | 7 Bit 32 on turns on feed check 18 and
'Feed Check' degates feed check time,
base 2 thus leaving Bit 32 on until
reset by 'Reset Feed Check'.

Stacker Counter g (ct ) g ct 25) guct 32)

Stecker Count 1-25

- Stacker Jom CB | . Jom CB I
c FL
A N
Punch Step CB . Motor Ready 2 Stk Jom Ck ' Feed Check 19 o 19 (5424)
14 -
Punch Check CB, A —f ft
Stacker Jam CB 2 , Jam CB2 —_—
Feed Check 18 - Stocker Transport Check POR or NPRO
> Checks that Post-Print Cell FL
is exposed by count 32 FB722
(less than 82 ms) -
after it was covered.
Feed Check 1 - Stacker Jom Check Stacker Jam CB 3 , Jom CB3
Checks that stecker rolls are
turning when motor is running. FL
*
Stocker Jom CB 4 . dom CB 4
FL
> *

F8722

Model A1 g 2 4 6 8 10 12 14 Model 42 0 1
Time (ms) L l l 1 ] l | ) Time (ms) , |

F— o
©w
IN
W
o
~

Stacker Jom CB B p=m - Stacker Jam CB

Punch Step CB Duration Will Vary

Punch Step CB Duration Will Vary
Punch Step CB [}
uneh orep With C8 Air Gap Adjustment

Punch Step CB —= With CB Air Gop Adjustment
Punch Check CB

Punch Check CB I
A .64 us.in Duration

ro-um

.64 us. in Duration



164 Micre Secend Counter

v

Feed Check Time Bose |

MFCU Clock A (reset)

Diagram 2-055. Feed Check

20 (5424)

{ND

Indicates that either the Gear
Emitter or the Fire CB is not
working property.

A geor emitter check turns

on check lite 20, turns off
ready lite, and steps the

A fire CB check turns on
check lite only.

Set 'gear emit check' if

revious 'gear emit CB' pulse
p g P
did not occur.

~A s ! o 34) .
Eap 005 igl oo {l63.84 (164 sy (164 55) (SS every 04 us)
U - i I — — 164 us. Phase |
MECU Clock 02 0 i ! =F £ I FE MECU Clock C A
el ! O > oc .
Fernd Feis2 F3ls2 FBl52 £Bi32 {64 us. Phase 2
MECU Clock D oA
§ Hammor Atochl o A ‘ o
OR Cnt 7 Emit Ck,
A A
.| _J[ A 1 R
Gear Emit Cheok
(not) Degate Gear Emit Decode - b FE p FF FF POR or NPRO
I | ) P .
l | * FB152
FBI352 3152 £BI132
Motor eady 2 ' F\'I *
| 1 l"'—"
Condition Gear Fmit Cir Adv «f OR hd hd
— Miscellaneous Check Lite
OR
MECU Cloen C .
(1.46 ms ghase 1}
1.28 55 i F
( 53) (SS every 1.2€ ms) A
FF
*p Cire C8
(1.28 ms phase 2) Fire CB by pvach Busy - Check Fire CB Check
~ . K G A e
— MFCU Clock D LA Chk S TR ek ze) FL
FBI52 Motor Ready 2 A FL
Reset No-Cp .
. . Feed Check 20 -
1 Shif « e
Reset Print Data Chift Reg FBI52
FBI52
Gear Emitter Check
0 40 80 120 160 200 240 280 320 360 MFCU.
N [ | | | | | | | ! |
tme (us.) .
[ i 1 [ I I | I | L
164 us. Phase | 1 | |
164 us Phase 2 ] l l
{model A 1) Condition Gear Emit Ctr Adv I | | [ |
Set Gear Emit latch _—— - — L A . —_— — — e "
(model A 2) Condition Geor Emit Ctr Adv | l | ] l | | ] | |
Set Gear Emit latch ___J____l.._.__.J.__L_._.._l___l_._._J__I__._]_.
Fire C8 Check T~
0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Time (ms) L | ! i l l l | | |
I | | | I | i | ] |
.28 ms Phase | l | 1 ]

1.28 ms Phose 2

Reset Print Data Shift Reg

{approx every 640 us.and 160 ns duration)

Note:

5424 Attachment FEMDM

All pulses .75 us. duration.

(2/71) 2055



Diagram 2-060. Print Data Check (12/69) 2-060

2 v 3 v 4 v 5 v 6 v 7 v 8 4 9

Print Character Count | 2’: H:me
Dot Hom Ck Gt Enable Print Data Checks ] A ec , Print Home Check
o MFCU Clock C . Print Character Count 63 (Print Date Home Ck Gate) FL
Print Wheel Home CB * A Print Doto Home CB Phase 2 FL
A MFCY Clock A * A
Reset No-Op «
FB&12
Prt Home F8612
Db Gt
FL A .
MFCU Clock B . or Print Data Check l:
MFCU Clock D Diag 5-055
FBs12 Print Character Count 0 Al
(not) Print Whee! Home CB . Allow Doubi R l
B MFCU Clock B « |A} FL Prt Syn
(print dato home CB phase 1) ‘ A Check . Print Sync Check
Enable Print Doto Checks > FL
FB612
Reset No-Op N
FB&I2
0 200 : 400 000 8C0 1000 1200 1400 1600 1200 2000 2200 2400
c Time (us) L I t ! | | | | I | | | J
Print Fire CB Note |
Print Char Count 63
Print Char Count |
Print Home Double Gate f Note |
Aliow Prt Home Dbir Gate Novte | G 2 i PP i 8 RPN 3 o P b S0t SR g

Print Data Home CB Phase | 1 Note |
Print Data Home CB Phase 2 | Note |
Print Home Check - Checks that Home CB occurs
b after Print Character Count 63 Print Char Count O B e O W NV

and prior to Character Count |

Enable Print Data Checks

Print Sync Check - Checks thot Home CB occurs
during Print Character Count 0

Print Wheel Home CB Note |

Note |: Leading edge of 'Print Wheel Home CB' must occur from | to 500 us.
after the leading edge of the'Fire CB. Timings of 'Print Home Double Gote',
'Allow Prt Home Dblr Gate' ond 'Home CB' will shift with 'Print Wheel Home CB'.



Diagram 2-065. Print Clutch Check (Part 1. of 2)

(12/69) 2-065

Cluteh Check Delay Counter
{ring 1) ring 2) (ring 3) (ring 4) (ring 5)
FF ~N AR FF. N AR FF
p——N A —N A
OR OR
Print Fire CB FB531 FB531
Last Print Clock A
L
Print 4 lines Diog
IDK )
Diag 5-245
Lost Print Cleck Deloyed Last print clock delayed
(Adv Pit Clk Dly) - @
FF oin 4 L ast Print Clock Diag 5-235
P . ring ines A 5_240
{not) Print Fire CB (reset) iadv print clock deloy) (ring B) (Print clock delay B! (Clutch Ck Gt)
L : FF
FB531 FF Print Step CB A I ,
@———N A L]
N A OR
FB531 B FB 531
{not} Print Ciock Delayed
POR or NPRC
thot } Last Print Clock
Conditicn Print Clock Adv OR
Pt Clth Ck

tnot: Last Print  Clock

Resef No-Op

FB531

* Print Clutch Check[ >
[ A
(- FL

Diag 5-060



!I 2 3 4 5 6 7 8 9 0 N 2 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4l

A Print Fire CB

Delay Counter Ring |

Delay Counter Ring 2

Detay Counter Ring 3

Deloy Ccunter Ring 4

D e e

Delay Counter Ring 5

Advance Print Ciock Delay

S R Ve

Delay Counter Ring A

> Delay Counter Ring B

I .
iast Print Clock g T e CE e I T e Note |

Last Print Clock Delayed

Clutch Check Gate (3 lines)

Print Step CB (3 lines}

> Clutch Check Gate (4 lines)

Print Step CB (4 lines)

Print Mech Busy 5 Ny
' i
| | (A off B on)
D Step CB Must Occur During This Gating (3 lines) ! ! S
! |
| | (A on B on)
Step C8 Must Occur During This Gating {4 lines) ! ! v S
| |
| |
Clutch Check Somple Time (not last print clock) “r ' ISR
> ! :
! 27
Ll 23.732 ms X
b : Note I: Last Print Clock is on for 25 ms. inject CB resets ciock .
i 4.354 ms | Note 2: Clutch Check Gate FF must be reset by Step CB prior to
;v -1 Last Print Clock und Deliy Counter Ring B being reset.
Diagram 2-070. Print Clutch Check (Part 2 of 2) 5424 Attachment FEMDM

(12/69)

2070



\ 4

CPU MFCU Attachment MFCU
{ Punch
Magnets
A Pch Punch S
o 18
> Ck Data !
Logic Register
D8l
’ DBi R N Assembler Punch Check :
‘ NS ¢ l
’ Crystals and Latches |
Parity .
Generater 2 18 4 l
Control in [} !
| Punch
1
B Control
Read | Read
Logic
Compare Check
Control Out Photo Transistor
Logic Register
Reod Amplifiers
» Data 1 18
Register Read
Control
Logic
A Gear fmitter
> DBO DBO "
—
Buffer DBO
Logic
’ Print
Character
Parity o Status Print Print o Print Hammer
—— Counter N g
Check Latches Shift i Data Drivers and Magnets
— — — = Print ’
Indicators Register Register 8716
D Control
MFCU Logic
m— Adaress
Card Control
Decode
® Switcnes
’ ® Cp's
® Cells
Card
1-Q
Transport
Register
Control
E . And Card Control
» Interface
| Check ® Magnets
Control Logic ® |ndicators
| Logic

Diagram 3-005. MFCU Attachment Data Flow

5424 Attachment FEMDM  (12/69)

3-005



Diagram 3-010. Read Data Flow (12/69) 3-010

2 v 3 4 4 \ 4 5 v 6 4 7 v 8 \ 4 9

Data Bus Out -
P $>
< :

Magnets and Indicotors

A Data Bus In
- &—
In
j [
i
LSR Status
D i Data Bus In
Select Register
Controls Register
4 3 .
Controis
Out ®
__________ 1
1
5424 I
|
} Read ’
| Read
c | Check
| Compare
| # Register
|
|
\\/ I
7’
- .'_l h } Read
B T ma "
PTX I' Data
i Register
: Reod
} Controls
AR } 4
/ \‘ ]
! 1
/
\
~N__7 Geaq ; T T e ———— —— -_
Emitter : : 5424
|4 ’ |
| |
| |
| Card o l
Switches | i 2
| Transport :
Emitters } |
E | Centrols i
Cells 1 } {
| i t —
| |
1 i Card Control
i |
| |
| |
|



2 v v 5 v 3 v 9
Data Aus Out >
A ‘ Data Bus In fu ‘
LSR Status Data Bus In
- Controls Register
’ ) Select Register
3 [ )
.
B Out ———
Controls
> Panch Check .
Lotches
—-ﬁ Punch t, .
Punch I | - Punch
_——* Check e —é— .
. Data l l Crystals. =
Logic ) 1 - » .
. T ] . : .
Register
Pu,nch
Controls
Card
Transport
Controls

Diagram 3-015. Punch Data Flow

-5424 Attachment FEMDM  (12/69) 3:015



Diagram 3-020. Print Data Flow 5424 Attachment FEMDM  (12/69) 3-020

2 v 3 v 4 v 5 \ 4 6 F 7 v 8 \ 4 9

Data Bus Qut k %
Data Bus ! , 15,
A a Bus In é JE/ e
In - 1
LSR Data Bus in
Status
b Select Fegister
Controls Register
Controls
3 T [ S
Out e
Print
Character — — e e e — e e — o —
Count |
c e l 5424
| Print Shift
— DBO ]
5424 l Register
Dec 0 !
] Print Print !
p l Centrols - | Data | 3
] ) Register I Print ‘]
l | Magnets i

b )
I Ri 1
| |
D | |
Switches | l
L. !
Emitters | Card
Cells | Transport l
b I Controls !
I |
| | Card Control
l Magnets and
)
1

E : | Emitters
l
I
|



3030

@/

Diagram 3-030. Card Feed Path (Part I of 2)

v

2

{suboyy

198485
. 1oyo0i5 6 (umoys oy
{7 i9yo0d vo Ajquesso &juo inq ‘sjeaym
19985 130048 ON  (3ION anoy .A:u?—ouv
ssaBuyg 199(95 . [eayMm 1o4 w3
199045 @ uoyI8jaq wol

@ . Oy NSS4 OIS 1OY AL 14048
( o t
5
@ _H_ ® d @ E
= e
v 483204 Z {9204 @ _..._ { 494204 @ D (
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FRONT VIEW

Diagram 3-031.

Print Eject
Feed Rolls

)

" @ Print Fire CB

5

‘——%— : | e S ®®

@Pon Print Cel N

\/\ Q/\———’; —— :
Gear Emitter —
@ @ Read Gear Emitter Card i | !
. ! 3
~,
Secondary .‘g i . !
-
Hopper s §=
TOP VIEW £ % : @ -
3 & £
= £& \ \
¥ | S
iz ——=C [©) — [©) J Y ; ] H
ac e - o
Hopper Cell ) == TF == == e == : S i §s
1 @ @ C — 5 ': §
@E ~(® Read Station | | ® £2
Punch Station E K] :
" L £1
z & -g Read Inject i Pre Punch 4 5
0 & ® Station ® + c.u\‘ 1!
. Ol ;
= . , P é @ =N Registration : Gs—-
S W o——— — Spring (:rg='
a — + Assembly
8 o O Card Aligner I :
= E Rolls ®
% Pri 2 Corner
£ H';::;Z (3] Punch Stepper o ) Cell
@ Assembly Punch Registration Corner Station
| ./ Gate Assembly Cover Assembly
@ Eject Pressure ‘ AN - \
Roll Assembly ~
— Sm— s— N _“ : a
(8) Inertia Brake .
< (@ Cord Atigner Rolls . ° .
L. @Recd ) ° cr
S §, Pressure Roll Path \
38 Selector Magnet AN .
&z o ¢ N <~ @ Corner Inject
i;;a:iw!rvjesito . . /" Path Selector / \ Feed Roll
/ \ Punch Stepper Drive @ Comer Station
i ' \ Feed Roll ! Aligner Roll
Read Inject ‘ !
Feed Roll / ‘ a Magnet Assy
< ) 9 @ Punch Registration
. £ Feed Roll @) Punch CB (outer)
?‘t} ° * ‘ Bi-Level @ Punch Step CB (inner) @D Print Inject CB
o S . Wait Station Punch Registration ~
‘ 1 (© Wait Inject Pressure Roll @ Print Kick CB
[ / Feed Rolls
A
Hopper E
Cell Read Gear Emitter
(® Read Cells
g SIDE VIEW
@ Hopper CB~ Timing \\—/ ———

Mark

J

Card Feed Path (Part 2 of 2)

NOTE: CR indicates continuous running .

5424 Attachment FEMDM

@ Print Wheels

Corner Kick
Magnet

@ Print Home CB

@/m

BACK VIEW

3-031



| 1.28us
MFCU . Osc Divider t

() (2) ’ (3) !

FF FF FF ‘
Channel | Osciliat . b 4 )
hanne scillator B P ' —'_P‘ _l_—_P : IN} Al MFCU Clock A

R FBI7Z FBI72 FBI72
1 160ns ! N

i

=]
-

MFCU CLOCK

The MFCU clock contains an oscillator divider, a clock, and
a clock decoder. A

« MFCU Clock B

b The oscillator divider contains three flip flops that increase
the 160 nanosecond input signal to a 1.28 microsecond out=
put signal. This 1.28 microsecond output signal is used to s
step the MFCU clock. The output from the two flip flop
MFCU clock is then decoded by the clock decoder. T

JL
T(
)2
{
J ke
T(

MFCU Clock

The clock decoder generate four MFCU clock signals:
1. 'MFCU clock A’ | A
B 2. 'MFCU clock B' (A) !

3. 'MFCU clock C' A A 1

: | FF —nil FF
4. 'MFCU clock D' —EN P—n
These clock signals are used by the MFCU attachment to L—
synchronize electrical-mechanical operations.

s+ MFCU Clock C

[ Foi72 FBIvZ 1

J[:} » MFCU Clock D
|

Time (us.) I | | | | |
Channel | Cscillotor

Oscillator Divider FF |

Oscillator Divider FF 2

> Oscillator Divider FF 3

MFCU Clock FF A

MFCU Clock FF 8

MFCU Clock A

MFCU Clock 8 o1~ oy I

MFCU Clock C

MFCU Clock D e

Diagram 4-005. MFCU Clock 5424 Attachment FEMDM  (2/71)  4-003



Diagram +-010. Data Bus Out Register and DBO Parity Check

2

- DEC Bit P
Fom

v 3 g Y 5
Fcioz | Fci2
!
|
I
1 l . Not P Bit
N
L] T JAL L
CPU FEMD 4-100 [
Clock 5 *

b |

I 0 .
I — AL r
B : I
| DBO Bit | * DBO Bit | |
l ® [AF FL |
| o
k"” | Deo bi 2 wr DBO Bit 2 |
| P A} rL |
3
I { |
| DBO Bit 3 . DBO Bit 3 |
- ‘ Al FL
c | b |
I E |
| DBO Bit 4 .y DBO Bit 4
| 0———Li1 FL
B~ ! |
| DBO Bit 5 . DBO Bit 5 |
| L |
I |
D | D8O Bit e . DBO Bit 6 |
I — " |
| |
WEO Bit 7 . DBO Bit 7 i
- i |
’ CPU FEMD 4-100
Clock 5 I
!
DBC Registers Fcicz |

DBO Bit

&

(Bits O-1 Odd)

Bits 2-3 Odd) Of .

[z]

[=]

Q

(DBO Bits 0-1-2-3 Odd)

(DBO Bits 4-5-6-7 Odd) | OF

(DRO Bits 4-5 Odd)

(DBO Bits 6-7 Cdd)

o
DATA BUS OUT REGISTER

Eight data bits and one parity bit are transferred to the MFCU

1]

Tt

FCli2  DBC Parity Check

attachment unit by the data bus out (DBO) lines. These daota
bits are sent to the DBO parity check circuits and to the eight
data bus out register latches.

The parity check circuits check each datc byte sent to the
MFCU attachment for odd parity .

Date sent over DBO is set into the DBO register latches by the
CPU 'clock 5' signal. The next CPU 'clock 5' signal either
gates new data into the register or resets the register.

(not) DBO P Bit

N {DBO Bits 0 Thru 7 Odd)

Ot

OR

/1)
g

« DBO Parity OK

4010

Clock 5 l



c Diagram 4-015. DBI Parity Generator

. Diagram 4-020. DBI Assembler

DBl Bit 4 Latch

DBl Bit 2 Laich

Ot

DBI 3it & Latch

DBl Bit 0 Latch

OE !

#

(DBl Bits 2-4 Even)

(DB) Bits 0-& Even)

DBl _Bit 5 Latch

DBl Bit 3 Larch

DBi Bit 7 Latch

DBI B8it | Latch

o

Unused

Unused |

FDi72

FD262

oF []N P Gen Bits 0-2-4-6 (Even) .| OF

oe | -ful——

7 7

The two unused legs of the
exclusive OR (A} will always
be ot a down levei. The our-
put of the exclusive OR wi!l
always be ot a down ievel.
This will keep an up level on
the upper leg of the exclusive
CR (B).

()
—

OF l N Il P Gen Bits 0-2-4-6 {Odd)
P Gen Bits 1-3-5-7 {Even) , | ©OF

OE

Lz.JrﬁJEz:JE r«le__lrLrJ -

L C 200 L2 >

See Diagrams 5-055 and 5-060
for sense byte generation.

//Gote Status N 3 Byte |

Status N 3 3yte | Bit (X)

Cate Indicator N 0 Byte |

Ind N O Byte | Bit (X)

Gate Indicator N | Byte |

ird N | Byte | Bit (X)

Gate Status N 3 Byte 2

Status N 3 Byte 2 Bit (X)

Gate Indicator N O Byte 2

Ind N O Byte 2 Bit X)

Gate Indicator N T Byte 2

Ind NI Byte 2 Bit (X)

Read or Punch Check Bit (X)

Clock 0 Thru |

» Chan DBl P Bit

=

Clock 0 'Clk 0 Thru |
SDBO 12§ r
Clock 2 —
. Sys or POR or NPRG |OR
FC302

See Read and Punch operation

for DBI source data.

Clock 1C - is Data Time
Clock 3C - is Mod Lo Time
Clock 5 - is Mod Hi Time

Chan DBI Bit (X)

CPU FEMD 4-100

A
FDI72
MFCU SNS EB Cycle *
or Gate D8I
Any MFCU 10 Cycle  « )
000000000000’00000000000000¢0000000000000000000000000000000
MFCU SNS £B Cycle
OR Gate DBI
Any MFCU IO Cycle
FD272
OR
8
DBI Bit (X) loteh |
PH Strobe B A L
Rommmne
: (To_Parity Generator)
PH Strobel PH Strobe A 8

A
8 OR
A
8
A 8
8
A
a OR
A
8
A 8
8
A
8 D it
Clock IC or 3C —
2 Clock 5 OR
FD272

An 3 in a block indicates
8 duplicate circuits. Only
one DBl bit is shown.

5424 Attachment FEMDM

CPU FEMD 4-100

(2/71)  4.015.4-020



Diagram 4-022. 1-Q Register

(2/71) 4022

2 v 3 ‘ A 5 \ 4 \ o 7 Ay 8 v 9
(not) Hepper | Ready
A
ifi d Not Read
(not) Hopper 2 Ready OR Specified Feel ot Ready
A
A Fca2
DBC 4 Q Bir 4 Valid LIO Instr 5
.l AL Fl 1 A Set Rd-Pch Ck Diag Mode SIO Command Sampie Execute Primary
' - Gate LIO or SNS L5R ‘_J AF R
& FCi22 S
{not) DBO 0 Print Buffer |
— A} R
DBO 5 Q2 Bit 5 S1O Command Semple
A
. FL A
1 {not) IG Bit 5
B (not) 1Q Bit © A N Decode 0 Print Buffer 2
(not) 1Q Bit 7
DBO 0 [af w
FCi22 3
(not) 1Q Bit 5
t) 1Q Bit 6 N Decode |
{ne )iQ Bl‘? 7 A Execute Print A
p D8O 6 Qe 'Execu{e Print
| Al N 3
— Ft (rot) 1Q Bit 5 ‘
1Q Bit 6 N Decode 2 TIO Condition 2 Met
oG b A Execute Punch A CR
FCl22
{not) 1QQ Bit 5 Chan Rd/Fd Busy Execute Punch
c \Q Bit 6 . N Decode 3 A -
= A ]
1Q Bit 7 PO 5
DBO 7 IQ Bit 7 FCI32
! & FL 1Q Bit 5
1Q Cycle Clock 5C not) 1Q Bit 6 A N Decode 4
B MECU IPL Command OR et 1o B 7
FCl22 Execute Read
1Q_Bit 5 12k R
(not) IQ Bit 6 A N Decode 5
1Q Bit 7
132
IQ Bit 5 FC
D 1Q Bif 6 A N Decode 6 SIO Command Somple
{not) 1Q Bit 7 Executive Feed
1Q Bit 5 FL
1Q Bit 6 N Decode 7
IQ_Bit 7 A
> FCl22 1-Q REGISTER

The 1-Q register is a four bit register that is loaded during
the I-Q cycle of an MFCU instruction. During the MFCU
instruction |-Q cycle, bits 4, 5, 6, and 7 are gated to the
1-Q register by a CPU 'I-Q clock 5C' signal.

The function to be performed by the MFCU is defined by
decoding the output of the |-Q register. The functions
performed depend upon the programmed 1/O instruction.



Rd-Pch Ck 10 Cy

Clock 1
_ Pch Data 10 Cy x| A
1 Clock 7
oR a_ Rd-Pch-Pch Ck 1O Cy *
£ SDBO A | or
. '

[+ ]

(not) Read or Pch Ck Diag mode

Clock 6 C

(not) st Diag Read - Pch Ck 1O Cy

é/ Rd-Pch=Pch Ck 10 Cy

T

———] A

@ Rd~Pch-Pch Ck Count 3
I'}

S

Sys

or POR or NPRO

Clock 0

Clock 8

=

Last Cycle Last Rd-Pch-Pch Ck 10 Cy
Al FL
Clock 7
OR Clock 0
FC312

Rd-Pch-Pch Ck Cntr Bit |

?

Bit 1 used in diag. mode only

Rd-Pch-Pch Ck Count |

Rd-Pch-Pch Ck Count 2

OR

Read-Punch~Punch Ck Counter

® Keeps track of read, punch, or punch

check cycle. steals

° Advanced at clock 6C and clock 7 on
read operation and punch check operation

. Advanced at clock 1 and

clock 7 on punch

operation
[} Two advances necessary to change count
] Diag. read or punch = one advance per
cycle steal

Diagram 4-025. Read-Punch-Punch Check Counter

Rd-Pch Peh Ck Cntr
[{)] (2) 3}
FF FF FF
L p—4 F p- I— P <
FC312 FC312 FC312

Cntr Bits Cnt

31211

0 o0jo |

0 o0]1

o I1}o

o ] 2

| 0o

| 01 3

/V
Bit 1 used in diag. mode only

Rd-Pch-Pch Ck Count 3
=9

5424 Attachment FEMDM  (2/71)
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Diagram 4-027. Gear Count Emitter and Decode

2 v

Geax‘Eméﬁe- c8

Dat Gr Emit
MFCY Clock A A FL

FCU Clock C

_ Degate Geor Emirter. Decode

MECUY Clock 8 A FL

FBitt

FBill

MFCU Clock B

Condition Gear Emit Cir Adv

[=]

®)

*

(2/71)
9

Gear Count [<3+5+7+5~|

g Bit 512 "
2 Leading Edge

(%)

FF

*

Gear Count 0

FF

Geor Count Il Clk B

FB32!

(Reset )

FB321

F832!

64

FF

FB321

FB32I

F832I

(Reset)

(Reset)

256
FF

FB32i

Allow Kead

OR

(=]

(reset)

Bit 512

Note: Bit 512 FF is Reset On -

MECU _Clock B

GEAR COUNT -EMITTER AND DECODE

The gear counter emitter is a 10 position binary
counter. This counter, olong with a decoder and
other read control circuits, controls reading 96
columns of card data ond sends the card data one

byte at a time fo the CPU.

The counter is normally reset until the leading
edge of the card covers the read station photo=
electric read cells. After the leading edge covers
the read cells, the counter is stepped by read gear

emitter CB pulses from the MFCU.

The counter then counts from zero to 46, resets and
starts counting again. At count 46, card columns 1,
33, and 65 are ready to be read. Counts of 1, 5,
and 9 gate data into the read data register. Counts
3, 7, and 11 gate data into the read check register.
During count 11 read cycle steal request signals are

sent to the CPU to start data transfer.

The counter counts consecutively after the reset at
count 46. When the counter reaches count 528, the
reod operation ending sequence completes the read
function. For each card column group read, the
counter decoder generates counts of 1, 3, 5,7, 9,
and 11. These counts read data from the card and

start data transfer to the CPU.



- Punch Hold CB
A A -

FB43i

Punch Srep CB

Pch CB Cntr

Punch Pick CB
’ [—] {ring i) {ring 2) A
N OR A |OR N
MFCU Clock B L N LA FF N LA FF F343)

(inh aav pch CB cntr)
—
Al £ ———— N LA —n A
FBa3: FBad
B tunch CB SS
E FalIH L‘{ N} , Punch Check CB
A A
*
FB43I FB43l
MFCU Clock A
> A
*

l (adv pch CB C"‘";) Condition Pch CB Cntr Advance Punch CB SS °|
A MFCU Clock D+ |A FL e A
Punch CB

MFCU Clock B
c MFCU Clock C Faiil
FBIl CntrRing | Punch CB
| l 2 | Cntr Output
| I |Punch Hold CB
0 | |Not Used
’ 0 0 [Punch Check CB
| 0 JPunch Pick CB
o
Model A 2 <IJ° 46° 98° 780 252° P 360
1 ! ! }
Index Degrees | 1[ 1 - 1 T . t R | PUNCH CB COUNTER AND DECODE
D Model A | 60° 83° 178° 252 16

This two stage binary punch CB counter and

decode activates the punch pick, the punch
Punch CB 1 | 1 1 hold, the punch de-energize, and the punch
. check circuits.

Punch Step CB 3 Each 'punch step CB' pulse from the MFCU
resets the counter. The counter is stepped by
the 'condition punch CB control advance'

> Punch CB Cntr Ring | - T ——= I P : signal during MFCU clock A time four times

per card column group (three tiers) punched.

The outputs from the decoder determine when
the punch magnets are to be energized and
de-energized. Also, the counter gates the
punch magnet hold current.

Punch CB Cntr Ring 2

Punch Hold CB

: Checking of a column group that was punched
E —-»”4——0.64 us occurs at the beginning of the next card col=
Punch Check CB | umn group to be punched.

Punch Pick CB SRR DR

Diagram 4-030. Punch CB Counter 5424 Attachment FEMDM  (2/71) 4-030



Diagram 4-035. Punch Step CB Counter and Decode

(2/71) 4.035

2 3 \ 4 5 v 7 A\
(16 D‘[_
N
€) m Punch Step Count |
(1) .
_ 2 4] |
Motor Recdy 2 o T _-,
MFCU Clock B Punc Unit Busy A N rd Y IXOXXO
A Condition Pch Step Ctr Adv (22) m
‘— FB42! p |
FB4l2 (4, m A
—+ 2. ! N [
MFCU Clock A Degete Pch Step Decode J» ‘
Punch Step CR N A —€T 2 (16) Punch Step Count 25
Punch Unit Busy g - —
- FF
MFCU Ciock C Fa4zi l\- P €
)
FBlll
FB412
2) Punch Step Count 27
(8}
(16
Inh Degt Decode 4)
N
MFCU Ciock Bl AF FL FF N
P N
(32) N
| FB412 4
FBH \* XO!OOX Punch Step Count
14) |
I ' A
l N [ @) l N | J
ve) [ | [_
PUNCH STEP CB COUNTER AND DECODER ©) ® ]
The punch step CB counter is a six stoge binary counter that FF L—I il Punch Step Count 5
is used to control punching data into a card. —P
This counter is reset before a punch function by an 'MFCU (82) BI
clock D' signal and a punch not busy condition. The counter FB412
is stepped during a 'punch step CB' pulse (from the MFCU
punch unit) by an MFCU clock B signal.
Outputs from the counter are then decoded and used to con-
trol the punch operation. The decode circuits are degated
whenever the punch CB counter is being stepped . (32) Punch Step Count 36
(16) (1) N
FF
P
{not) Punch Unit Busy
A
MECU Clock D FB4I2
[ Punch Step Count 37
(32)
(32)
FF
P

FB4i2



Punch Pre-Driver 6

Punch Pre-Driver 5

Punch Pre-Driver 4

Punch Pre-Driver 3

Punch Pre-Driver 2

Punch Pre-Driver |

* Gate Punch Pick Magnets
* _Gate Punch Byte 3
* Gate Punch Byte 2
*  Cate Punch Byte |
DBO Bit 2 or RPR C 2 o
A Punch Pre-Driver 18 IA FL N Punch Pre-Driver 12 A
FE40) FE4: FE401
FB45] FB451
DBO Bit 3 or RPR C2 _
L. , ,
A Punch Pre-Driver 17 lA FL A Punch Pre-Driver Il p A FL A
&
FE4Oi FE4H FEALI
FB451 FB45i rBast
DBO Bit 4 or gpr C 2 _ R
« ’A; L A Punch Pre-Driver 16 ’A FL A Punch Pre-Driver |0 y A FL A
FEA40Q! FE40I FE4IL
FB461 FBdol FB46!
DBO Bit 5 or RPR C 2 " -
‘h FL A Punch Pre-Driver 15 A FL A Punch Pre-Driver 9 A
FE40I FE40! FE4IL
FB4s! FB4sl FB461
D8O Bit 6 or RPR C 2 2 i l
5’ i - Punch Pre-Driver 8 -
4 Al g A Punch Pre-Driver 4 IA FL A uncn Fre-Uriver p AR fL A
FEali FE4Q! 4 FE4ll
FB46 Fa46! FBA61
DBO Bit 7 or RPR C 2
* * * * * . 1 *
) A FL A Punch Pre-Driver I3 A FL A Punch Pre-Driver 7 4 |A FL A
FE4ll FE40I FE4ll
FB461 EB4sI FB4SI

Diagram 4-040. Punch Data Register

5424 Attachment FEMDM  (12/69)
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Diagram 4-045. Print Cycle Steal Request Counter

>

) 4 3

Inhibit Reg
MFCU Clock A A
1§ FL
Condition Print Clock Advonce *
FB602
Prt Char Req Print Char Request Time
FL

é\é‘tth Chor Cy
Sys or POR or NPRO

Jo._'zi

Print Req Clock

*

Set Print Request

PRINT CYCLE STEAL REQUEST COUNTER

The print cycle steal request counter is o seven position
binary counter. This counter is stepped after each 'print
fire CB* pulse by the 'set print CS request' signal.

The counter counts to 64; thereby, indicating one complete
revolution of the print typewheels. After the count of 64,
all characters on all typewheels have been optioned for
printing. The next operation may be a carriage shift, or an
advance to the next line, or the print operation may be com-
plete at this time.

FB502

Stage

[z]

Print 1 Cycle
) ®)

Request
(32)

Counter
(64)

FF

I FF I FF
P P

| FF
P

Seven Stage Print Cycle Steal Request Counter

FB602

Print Data 10 Cycle

Load Print Data Rank |

64th Char Cyv

(2/71)

9

«] A

*

FL

-

FB602

i

4-045



PRINT 1/0 CYCLE COUNTER

A The print 1/O cycle counter is a five position counter that indicates
the 'last print data /O cycle' for each group of comparisons made by
the CPU.

This counter is stepped after each comparison is made by the CPU.
After the print character count value for each typewheel has been com-
pared with the character codes in the print cres of core storage (16
comparisons for mode! AZ machines; 8 for model Al), the 'last print
data 1/O cycle' signal is used to modify the LSR address so that 16 more
b comparisons can be made for the next print character count. The counter
is reset and dbunting begins for the next group of comparisons.

After o complete revolution of the typewheels, the LSR address is modi-
fied accordingly to select the correct core storage address for printing
after a carriage shift or to begin printing the next line. Remember that
the LSR address is modified after each cycle steal request.

Set Any Prt 1O Cy

Print C.S. Request 1A I N ' 8 Hammer .
@ Clock 8 C L A
Print 10 Cycle Counter
[QB] 2) (4) (8) (16) or L* Last Print Data 1C Cy
FF FF FF FE FF
(not) Print C.5. Request * Print 10 Cycle Counter
FC332

& Clock 7 . A

Diagram 4-050. Print I/O Cycle Counter 5424 Attachment FEMDM  (2/71)  4.050



(2/71 .
Diagram 4-055. Print Clock (2/71) 4055

2 X 3 v 4 \ i 5 v 6 \ 7 \ 8 \ of 9

Print Kick CB
iprint CB1
A Print tniect CB OR ‘J@
[ o — — ———— ———— S S e s —— e — ——— —— ————— e —————— —!
! |
Degcre | ]
MFCU Clock D . 7! Ck tnor degate print clock decode) I 1
| I R 1
FL ! Low Print Clock Counter |
; |
Degote Print Clock Decode 1
MFCU Clock A - A . G | |
FB562 | !
! 1
A Condition Print Clock Advorce : :
B Inh Gt MFCU Clock C - | = |
i ; Decode 1 t
g Condition Print Ciock Advonce | tow bit 1) tow bit 2) i
FL | — {
i int CB) | Low Print Clock Co:m)ter i
not pr-m 2 4 X
MFCU Ciock C {al | W _ @ (o bit 4) |
. l FF FF FF !
FB562 Advonce Low Print Clock f ] | N _ p pf |
. A N §
Print Mech Busy . [ . |
3 S | | . : ,
| FB552 F6552 FB552 g
I l - A ' Reset Low Print Clock 1
N OR
L = - e e e ——————————— e J
—  f r—————————————
o o e o ———— e e e e e S s -
Reset High Print Clock | :
c { High Print Clock Counter i
| M @) “) thigh bit 4) 1
Degote Print Clock Decode . bt Clock (reset low) } FF E  FF . FF :
MECU Clock B " A Advance High Print Cloc |N' ; 3 ‘p 3 .F i
[ ' 5 |
| 1 ]
| FB552 FB8552 FB552 1
g L L !
I (high bit 1) (high bit 2) r
I — | PRINT CLOCK COUNTERS
| { There are two print clock counters that control
| ] the print function and synchronize attachment opera-
Gt Prt | 1 tions with the MFC!} mechanical operations. These
Print Clocks 4+0+l6+22+28 _Clk Hi | . counters are the low print clock counter and the high
| print cloc:: counter. Each counter is a three stage
FL ! 9
| | counter.
! { The counter control in
- . - . puts are the MFCU clock puises,
Condition Print Clock Advance . = High Print Clock Counter | the print kick CB pulses, the print inject CB pulses,
FB562 ] ! and a print mechanical busy signal.
i _JI The start conditions of the print clock counters are:
e e e e e e ——_————_——— . ————— —
1. High print clock counter equals 111 (binary).
} 2. Low print clock counter equals 000 (binary).

After the print mechanical busy line is activated, the
low print cleck counter is stepped by each print kick
CB pulse or a print inject CB pulse. The high print
clock counter is stepped os a result of activating 'print
clocks 4, or 10, or 16, or 22, or 28" line. The low
print clock counter is reset each time the high print
E clock is advanced.



2 v 3 v 4 v 5 v 6 v 1 N 4 8 vs

Low Print Clock High- Print Clock PRINT CLOCK DECODE

B|i1 Bizf B;f Blif Bizf B‘i’ The outputs of the print clocks are decoded and used by the
- - - - . ; ‘ —— print control circuits to control the print operation.
oun
A | Y 0 i I ! Count | Degate Print Clock Decode )
0 I 0 | | | Count 2 ) . (low bit 1) o ci 3
R . ' (low bit 2) * int Clock 3
| | 0 | i 1 Counr 3 : o . (not 1ow bit 4)
Tnigh bif 4)
0 o .1 I | i Count 4
} inot tow bit 2) )
’ ] 0 0 0 0 0 Count 5 _ (low bit 4) How bif 1) A L* Print Clock 15
—fhigh hit i} A
0 | [} 0 o] 0 Count 6 {not high bit 2)
{not high bit 4) - » o
I 0 0 0 0 Count 7 {ow bif 2!
ihigh bis 1) Print Clock 25
0 0 | 0 0 0 Count 8 igh Bt 2 A d n
B 10 i 0 0 0 Count 9 «
0 | | 0 0 0 Count 10
t 0 0 { 0 0 Count I {l ir |
oo o bt D . Print Clocks 5+7+1+13+17+19+23+25
o I 0 | o o0 Count 12 tnot Jow bit 47 g
(not high bit 4)
} oo 0 | 0 0 Count 13
| 14 -
0 0 | 0 0 Count or L Print Request Clock
| 0 | ! 0 0 Count 15 *
0 ! | | 2 0 Count 16
c | 0 0 0 ) 0 c \7 8 Hammer Machire *
ount (not _low bit 2) R A L2 Print Clocks 8+9+4+15+20+2{+26+27
o 0 0 | 0 Count 18 (low bit 4)
__(not high bit 4)
I | 0 0 ! 0 Count 19 (low bit 1)
(not low bit 2) A
> o] 0 | 0 | 0 Count 20 (high oir 4) I
; ! 0 I + 21 '
io 0 Coun ‘ OR or |« Print Clocks 1+10+i6+22+28
o I | 0 : 0 Count 22 (oot high bit 2) l
A .
| 0 0 ! 0 Count 23 B
' on (high bit 2) e Print Clocks 22 - 28
0 I 0 | | 0 Count 24
D low bit 2)
| [ | : { A
i 0 [} Count 25 Trow 517 4) A A Print Ciocks 4+/0-i6-22-28
0o 0 | i | 0 Count 26 (not_high bit 4) OR
| 0 | | t [¢] Count 27
0o ! i | ! 0 Count 28 (low bit 4) ) A Print Clock 4
. A
P (high bit 4)
A Print Clock 28
(high bit ) A
(high bit 2)

Diagram 4-060. Print Clock Decode . 5424 Attachment FEMDM  (/71) 4060



Diagram 4-065. Print Data Shift Register (Part 1 of 2)

2 v

" Reset Print Data Shift Reg

Prt Shift Reg Bit A

Prt Shift Reg Bit B

Prt Shift Reg Bit C

AR (reset)
Bit A m — Bit B Bit C - Prt Shift Reg Bit D
iA OR I_N_ EOR FF FF ™
Gated Print Compare — N FF N L
A [l
N —
L p——— N LA < ne—] e~ A N
S
Prt Shift Reg Bit E Prt Shift Reg Bit F Prt Shift Reg Bit G
(reset)
Bit E Bir F Bt H Prt Shift Reg Bit H
OR ——-{ N A JOR N
—N A FF —N I_A_J FF FF ||
 Sam—y -_-E——I e~ 1A
Load Print Sample 2
AR

FD 302

PRENT SHIFT REGISTER

The print shift register has 16 bit positions (model A2
machines). On model Al machines the print shift
register has 8 bit positions. The character count that
represents a specific character on the 16 (or eight)
typewheels is compared with each corresponding char-
acter code stored in core storage. Sixteen (or eight)
comparisons are made for each character count value.
(Note that the same character is ready to be printed
by each typewheel for each count value.) As the com-
parisons are made, the compare result is sent to the
attachment over DBO. The 'gated print compare’ (or
no compare) is gated into the print shift register. Each
'load print sample 2* and 'load print sample 1' signals

shifts the data in the shift register one bit pos-

ition (See 4~070 and 4-072). After 16 (or eight)
comparisons are completed, the data is gated into
the print data register buffer. From the buffer the
data is set directly in the print data register. The
set always overrides the reset. The print data reg-
ister output positions are then gated by the 'print
time switch' signal o energize the print magnet ham-
mers. After printing of the first character group, the
print data register and the shift register are reset.
The logic circuits are ready to receive comparison
signals from the mext choracter count sent to the

CPU from the print character counter.



Prt Shift Reg Bit Jj Prt Shift Reg Bit K Prt Shift Reg Bit L
@ Reset Print Dota Shift Reg * AR ireset)
it J Bit K 1 Bit L ]_ Bit M . .
i_;-‘OR» |———-A o} - N‘ Tlor - I' N ! —Jos) F'_\n Prt Shift Reg Bit M
Print Shift Reg Bit H B — N FF . — N FE L ~N FF L —n AL F PR L
AR
B 7 —ry — » —— 1
o——N ; N @ N N —— N &—N N
B L. __J
b Prt Shift Reg Bit N Prt Shift Reg Bit P Prt Shift Reg Bit G
{reset)
8it N Bit Q l———l Bit R . .
. l Prt Shift Reg Bit R
——‘[ A [OR :‘ {alor N
—N FF FF L N £F Lo
D —
—n LA —N—}—J_—;b——-—N A
Load Print Sample |
P * AR

FD 352

Diagram 4-067. Print Data Shift Register (Part 2 of 2) 5424 Attachment FEMDM  (2/71)  4.067



Diagram 4-070. Print Data Register (Part 1 of 2)

2 v

v

Print Dota Register

v 5 v 6 v

PRINT DATA REGISTERS

Two 16-bit (or two 8-bit) registers make up the print data registers.
The print data buffer register receives data from the shift register.
Data is gated into the print data buffer register by the 'load print

Print Data Register

(2/71) 4-070

FD 312

. . H t R H
Buffer Print Data Register data rank 1' signal. Ddta is transferred (without gating) to the Buffer Print Data Register
print data register (the set overrides the reset). The outputs from the
A print data register are gated by the 'print time switch' signal to
energize the selected print hammers optioned during the 16 (or eight) E:
character count comparisons. After printing, the print data register
is reset by a 'load print data rank 2" signal.
Bit 8 Prt Hommer Bit 16 Bit 4 Prt Hommer Bit 12
Prt Shift Reg Bit A —1 A Prt Shift Reg Bit E ——] NN fL
FL FL
B
Bir 7 Prt Hammer Bit 15 Bit 3, Prt Hammer Bit Il
Prt Shift Reg Bit B "_‘l A fL FL Pr+ Shift Reg Bit F ;__.J A N o
Bit 6 Prt Hommer Bit 14 Bit 2 Prt Hammer Bit 10
> Prt Shift Reg Bit C ——{+[ .. i Prt Shift Reg Bit G —1AF A FL
Bit 5 Prt Hommer Bit 13 Bit | Prt Hammer Bit 9
» brt Shift Reg Bit D N o Prt Shift Reg Bit H — - o
Load Print Dota Rank | .
AR
E Load Print Data Rank 2 .
AR



Print Data Register Print Data Register
Buffer Print Data Register Buffer Print Data Register

Bit 8 % Prt Hommer Bit 8 Bit 4 * Prt Hammer Bit 4

Prt Shift Reg Bit J li FL FL Prt Shift Reg Bit N IA FL FL

Bit 7 . Prt Hommer Bit 7 Bit 3 «  Prt Haommer Bit 3

Prt Shift Reg Bit K 0_——] hifr B T ’—‘-]
i eg ‘—A_4 FL FL Prt Shifr Reg Bit P \—A—i rL FL

Bit 6 Prt Hommer Bit 6 Bit 2 N Prt Hommer 8it 2

*
Prt Shift Reg Bit L ‘*"‘—] Prt Shift Req Bir O tb——————l
al ) FL : RANLCR A1 L FL

Bit 5 Prt Hommer Bit 5 Bit i

? Prt Shift Reg Bit M P L Ny Prt Shift Reg Bit R — (a1 ., o -
 S— r

Prt Hommer Bit |

>

toad Print Data Rank | | ar

Load Print Data Rank 2 -

AR

FD 362

Diagram 4-072. Print Data Register (Part 2 of 2) 5424 Attachment FEMDM  (2/71) 4072



Allow Shift Reg

| N l (allow shift register) ﬁ
B L] FL
o]
L—J A
» Print Load Data Rank 1
Channel 1 Oscillator (CPU)
’ POR or NPRO
Print Fire CB (5424) 0 @) (4) OR Reset Print Data Shift Register
) (allow shift register) A i A FL N A FL *——N A FL
‘ __ | S PRINT DATA COUNTER
’—I Nj Y N A N A ) ) '
D I NI The print data counter is a three stage counter

FB 192 used (1) to control gating to the print data reg-
ister buffer, (2) to reset the print shift register
and (3) to enable the load print data rank 2
counter.

’ Print Data Counter
FB192

Diagram 4-074. Print Data Counter 5424 Attachment FEMDM  (2/71)
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D{agram 4-075. Load Print Data Rank 2 Counter

-

2 v 3

20.48 Micro Sec B Clk

Load Print

(h

[=]

Q@/m)

8 v 9

4-075 ,4-080

MFCU Clock C * )
Dato Rank 2 Counter 2 inh Cir Adv A L= Load Print Data Rank 2
2y y
: 8 1A} n

(2) 4) 8)

FF FF FF MFCU Clock A

P P
| I MFCU Clock D A

POR or NPRO

(inhibit load print data rank 2 counter)

Gt Dat
Load Print Data Ronk | Rnk 2 Ctr
FL
POR or NPRO
]
000,00 0000006000000 0000'0 - OSOOO

reset load print doto ronk 2 counter)

Load Print Data Rank 2 Counter

FB 192

SOOOOOOCO OO OO XOCOOOOOOOONO

OO

LOAD PRINT DATA RANK 2 COUNTER

The load print data rank 2 counter is a four stage binary
counter that is used to control set and reset of the print
data register. This counter is initially set to 0001 (bin-
ary).

OOOOOOOOOOOOOI0

Degate
. . Pr1 D
Diagram 4-080. Print Character Counter and Decode Load Print Data Rank | ec (bit A)
Ft !bif 8) (bit 1)
(bit 4) A A Prt Char Cnt 63
bit 2 {bir B)
Reset Print Data Shift Reg “ . (not degate prt char decode)
Note 1 FB622
(bit 1)
bit B Prt Char Cnt |
PRINT CHARACTER COUNTER A et L A
The print character counter is a six position binary fnot kit 2) {rot bi' A)
counter. Each count value represents a 6-bit card Print Charocter Count | {not b'.' 8 A
character code. not bit 4
The 'print data home CB' pulse from the MFCU results Print Character Count Bit 2 (not bit 1) Prt Char Cnt O
in resetting the print character counter indicating the (not bit B) A
home position of the print typewheels. Print Character Cnt Bit 4 t
Print Character Ctr Bit 8
Print Choracter Ctr Bit A
I 2 4 8 A ‘ 8 Print Character Ctr Bit B
FF FF FF
Load Print Data Ronk | N 5 . . FE . FF . F¥
Print Dota Home CB Phase 2 (reset} 1

Print Charocter Counter
FB622



?

Print Side Motion Counter

v

Wait to Sracker Cleor

=]

Diagram 4-095. Motor Stop Counter

=

Motor Stop Counter

FB572

int Side Morion Mag @
!

PRINT SIDE MOTION COUNTER

The print side motion counter is a three stage binary
counter. This counter is used to make sure that the
side motion cam in the MFCU is at high dweli be-
fore energizing the print side motion cam magnet .

is used to stop the MFCU motor after both hoppers are
placed in a not ready status.

5424 Attachment FEMDM

LI

00 0600000000606 00 ¢

(27

FB562
(not) Degare Gear Emit Decode
Side Mor
A (not 1} . Mag!
2) A (count 6) I A FL
s e . 4 .
Print Side Motion Counter
Side m 2 (@) POR or NPROQ .Z)—R
Motion Gt
Print Clock 4 FF FF FF FBS552
FL A *— " P
> gprinr Side Motion Mag P |
POR or NPRO . Jor FB552 FRES2 Fiivoz
FB56! Print Inject CB&
Feed Check Time Base 2 « {not) Print Mech Busy
° A ireser
?__ Print Side Motion Mag OR -
POR or NPRO
Diagram 4-085. Print Side Motion Counter and Decode
? 0000000000006 00000707668 oo o'e DABOHOOCOOSOOCOOOON OO
} 12}
C Kick Deiayed
Ccrne‘ Kicl( Coun'e! . A orner 1cr elaye: ‘3
() 2} (4) -
(not) Corner Kick Delayed FF FE FF - ‘
Feed Check Time Base 4 - A N o P p
' Model AT 12.80 - 15.36 ms
C } Model A2 6.40 -
Y FB33l F853!
Corner Kick
(rese-)
A ® r;JL CORNER KICK COUNTER
Motor Ready 2 | '
The corner kick counter is a three stage binary counter that
» checks card entry into the print station. This counter is held
Corner Kick Courier reset until a card covers the corner station card cell. This
Diagram 4-090. Corner Kick Counter FBS31 counter then provides a delay so that the card can settle down
in the corner station before energizing the corner kick megnet.
COCOOOA BOOCOCOOOOOOOOCOOCONOOOOND OOOO OOOOOOOOCCOOOOOOOAONN OO
Motor Stop Counter
m (2) ¥ . Gate Stop MOTOR STOP COUNTER
riopper CB L.E. » FF FF FF The motor stop counter is a three stage binary counter that

1)

4083, 4.090. 4-095



Diagram 4-100. Feed Check Time Base Counter and Decode

2 v

Condition Geor Emit Ctr Adv

(not) Feed Check

(=]

FB 89l
| (not) Degcte Gear Emit Decode
0) A Feed Check Control |
FF
4
1 A Feed Checx Control 2
(2)
FF
P A Feed Check Control 3
“4)
FF A
L p Feed Check Time Base
OR
_j A
(8)
FF A
—p OR Feed Chec« Time Base
_1 A
(1) Feed Chec< Time Base
FF
——p
A Feed Check i Ba:
or ee eck lime Bose
i A
(32) | Feed Check Time Base
FF -
e
8 Hammer Machine
Model A | 160 320 480 640 8C0 9¢0 1120
Time (us.) ] ] I ] | |
Model A 2 ! ! ! ! : ! I
80 160 240 320 400 480 560
Gear Emitter
Control | — Eux [ .- R
Control 2 = =
Control 3 = | - < [ il

Time Base 5 (Mod Al)

Time Base 5 (Mcd A 2)

(XXXXO1)

(XXXX19)

(XXXX1)

(T =.62 rrs)

(T =1.26 mrs)

T
T

non

2.58 msmed Al
1.28 ms mod A 2

(T =2.5 ms)

T=5.12msmoc Al
T=2.56 ms mod A 2

(2/71) 4-100

FEED CHECK TIME BASE COUNTER

The feed check time base counter is a six stage binary cointer
that counts from zero to 63, resets and begins counting from
zero. This counter is stepped every 80 microseconds for model
Al machines (40 microseconds for model A2 machines) by the
'condition gear emitter counter advance' signal.

Counter positions | and 2 feed decode circuits to generate
three feed check control levels:

1. Feed check control 1,
2. Feed check control 2.
3. Feed check control 3.

These control signals are used along with the feed check
time base signals to indicate card progression through the
transport. The feed check control levels are used to control
and gate various feed check circuits.

The decode circuits are degated whenever the counter is
being stepped. Counter positions 4, 8, 16, and 32 feed the
feed check time base decode circuits to generate five feed
check time base signals. These time base signals are used
to drive the various feed check counters (hopper, wait,
corner, and stacker) for feed checking.

Feed Check Time Base FF set for | FF set for | Time in Milliseconds
8 hammer | 16 hammer | Model 1 Model 2
Machines | Machines

Feed Check Time Base ! 8 16 1.28 1.28

Feed Check Time Base 2 16 32 2.56 2.56

Feed Check Time Base 3 32 32 5.12 2.56

Feed Check Time Bose 4 16 16 2.56 1.28

Feed Check Time Base 5 4 8 .64 .64




MFCU Clock B

inaik’ b . ep c.urch noid; Gr P I
Step Ct

A ] - OR A ireset
Pt srep ¢ wen picke MFCU Clock € -|A R "
MFCU Clock A POR or NPRO PICK PRINT STEPPER CLUTCH DELAY COUNTER
N for E The pick print stepper clutch delay counter is a four stage
count 9. : binary counter that is used to control the time duration of
FB52! pick brime Srenoer Clutch Delay Counter the pick current to the print stepper clutch magnets. This
] ic I " f’; ) @) counter also controls the time between de-energizing and
' : ! energizing the print stepper clutch magnets while advanc-
FF £ E ing the card to the next line of print.
Feeo Check Time Base 5 A FF F f
|_ p l— P I— p
FB52! F8521 FB52! FB521 —‘—— ,_I
A (count 9)
B MFCU Clock A 5 0

’ Diagram 4-105. Pick Print Stepper Clutch Delay Counter

R R R o SIS LTS > SR X .
R R R R R R R R R R B R R R R R R R R R SR R R R3S R G S I TSRS, 5 IR R R R SRR R R S R R R R IR IR R R R R R e R R R R R R R R R S S S oSl

Execute NPRO Timed

reset)
POR OR UP-DOWN COUNTER
- The up~down counter is a two stage binary
counter that is used to generate the 'wait to
Not U-D stacker clear’ signal. This signal allows the
igare down count: B: | N°' U-b motor stop counter to be stepped by each
> MFCU Clock A g : . Bit 2 hopper CB pulse (See 4-095).
A
MFCU Ciock C -1 or FF FF The up-down counter value can be stored by
MFCU Ciock D . MFCU Clock B OR [ Nl P P *p a sense command. The counter value is then
B A I I used by the program to determine restart pro~
- cedures after an MFCU error. .
FBI82 FBIB2
A . Wait to Stacker Clear
Purch Reg PR tor 2 S§ - )\ *m
l_.l Gt Down Q\'
MFCU Clock B Count (gote down count)

*NIA FF “

’ Stacker Count 2I . i * r_‘
A ] [
L

FBI82

Inh Gt Dwf’ Cnt* Inhibit Down Count

E MFCU Clock C N A FE
N
Reset Stacker Ctr + [OR
FBI82

Diagram 4-110. Up-Down Counter 5424 Attachment FEMDM  (2/71)  4-105,4-110



Diagram 4-115. Nine Stage Time Delay Counter

2

(not) Print Kick CB

Condition Primt Clock Adivance

(not) Motor Mag Driver

MFCU Clock B

D Execute Feed

) S—

Motor Ready 2

MFCU Clock C

OR

QI71)

Time Delay Bit 8

() 2) (4) 8
r—l FF B FF FF FF
N P —p P P
L l
(reset)
(16) (32) (64) (128)
FF FF FF FF
P -—_J_—P _J— P _[__ P
FL (reset)

FB252

(256)

NINE STAGE TIME DELAY COUNTER

The time delay counter is a nine stage counter that is used to turn
off the MFCU motor if no MFCU SIO command is given within
about 30 seconds after the completion of the last feed command.

The counter is stepped by the 'print inject CB' pulse sent from the
MFCU to the attachment. The nine stage time delay counter is re~
set and starts céunting from zero after each accepted MFCU SIO
command. If the counter reaches count 256, no MFCU SIO com~
mand was given within 30 seconds. The 'no command time out'
signal is generated which results in stopping the MFCU motor.

An MFCU SIO command or an NPRO starts the MFCU motor. As
the motor starts MFCU mechanical motion, the nine stage time de-
lay counter is stepped by the 'print inject CB' pulses. At count
three, the 'motor ready 1' line is activated. At count 5 the 'motor
ready 2' line is activated. MFCU operations start after activating
the 'motor ready 2' line. This time delay allows the MFCU motor
to reach operating speed before starting card movement.

4)
- Allow NPRO Pch Reg P.R.
A :
(n
|
) '_Mw" Rdy » ‘Motor Ready |
(2) | A FL
() Mtr Rdy 2 Motor Ready 2
4) 1A FL
- OR|
POR or NPRO
Motor Magnet Driver
No Command Time-Out
MFCU Clock A L] A

4-115



2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

. Feed Check Control 3 I
4 A Hopper Count 12 Plus (Feed Check 4) 2-015
Rd Ej Gt or Cd on Way to Wt (16) G A b
A
. (12
Hopper Eject Check Gate
OF *(16 A Hopper Count 30 Plus (Hopper Check) 2-010
Read Inject Check Gote Ot (2) '
N (reset) _ N -
> m @ @ (8 o8 Hopper Count 21 Plus (Feed Check 2) 2-015
o i (16) (4) A
I Five Stage Hopper Counter M
| FF l FF | FF l FF | FF
Feed Check Time Base 3 A N P P 4 P P ¢ (2)
l_.l “(l)- A Hopper Count 19 Plys 5-120
} [ )\ Hopper Count 16 Plus (Feed Check 1) 2-010
L (16)
Hopper Counter
b FB 801
Diagram 4-120. Hopper Counter and Decode
SRR RRREESR QRK QRIS QR RRRREEEEERERERRR R QRRRER S KR R R R R R R R R R R R R R RS R LB R B BB EERLRRERESRBS.
c
Wait Eject Check Gate
Punch Statien Check Gate (013 oF E (reset) ’
> Punch Eject Check Gate
Punch Transport Check Gate O
M (2) 4) (8)
Five Stage Wait Counter (18)
- FF "—L_ FF _‘1— FF —I__ FF ‘—l_ FF ae)
D Feed Check Time Base 3 A e p p P p p (2) A Wait Count 18 Plus (Feed Check 9) 2-030
(4)
. (LK N _ Wait Count 20 Plus (Feed Check 6) 2-020
> v T [
A Wait Count 22 Plus (Feed Check 11) 2-030
(16
(8) A Wait Count 24 Plus (Feed Check 12) 2-035
Feed Check Control 3 ’ * -

Wait Counter
FB 881

Diagram 4-125. Wait Counter and Decode 5424 Attachment FEMDM  (2/71)  4-120, 4-125



Diagram 4-130. Corner Counter and Decode

Feed Check Control 3

/1)

V 9

4-130, 4-135

A Prt Station Chk Gt
. A
Corner £J Chk Gt
N
Prt Stotion Chk Gt ORr CR o
b Prt fiect Chk Gt N

Feed Check Time Base 2

*

Diagram 4-135. Stacker Transport Counter

Reset Feed Check

Feed Check Control 2

Gate Stacker Counter Reset

Gate Stacker Counter Advance

D Feed Check Time Bose 2

L

OR

FF

* (Feed Check 16)
8‘)?) Corner Count 39 Plus
()
(2)
(reset)
(Feed Check 17)
(6} I (32} (16) Corner Count 25 Plus
FF l FF
P
()
— (Feed Check 14)
(8) A Corner Count I3 Plus
(4)
(Feed Check 17)
(4) Corner Count 22 Plus

Diag 2-040

Corner Counter

(16) A

(2)

15>

Diog 2-045

Motor Ready 2

Diag 5-297

@

Diag 5-297

Diag 4-140

>

Diag 4-140

2
X (2) - (16) . (82)
—_l_ FF FF —L FF FF —1_ FF
P ¢— P P *——7P P
* Feed Check I8
P ——
(not 8)
(4) - Stacker Count 2|
(7
(16) |
o —s>
h—‘
(not 2). A odd count) )
Feed Check{ Control 3 * N (not 8)
{not 16) « Stacker Count |
ILN_II (not 4)
Stacker Transport Counter l
FBBS1 (17)
|—'| (not 4) Stacker Count 25
N (8)
L



Diagram 4-140. Stacker Selection Registers (Part 1 of 2) /71y  4-140

2 v 3 v 4 \ 4 5 v 6 v 7 v 8 v 9

Execute NPRO Timed

POR or NPRO
A
Wait
Stacker Punch Corner Print Stacker
DBO 5 Stacker 6 Stacker 6 Stacker 6 Stacker 6 Magnet 6
FL £ LA FF AR x AB FF
p Trailing Edge or Hopper Check : N FF N Stacker Magnet | (5424)
* * : *
POR o1 NPRO — OR ) . ¢ E NI S NA] ox or L* !
FB8702 FB702 FB702 £5/12 FB712 x FB712 A
DBO 5 *
51O Commond Sample  »|
Wait Stacker
DBO 6 A
DBO 6 ~1AE £
7 A | *_Stacker Magnet 2 (5424)
' *
b * |ORE
FB702
Wait Stacker Punch Corner Print Stacker L X
Stack t 424
DBO 7 A Stacker 7 Stacker 7 Stacker 7 Magnet 7 A = tacker Magnet 3 (5424)
I —
DBO 7 1Al fL OrR 3 enlAE FF enLAE FF onlAR Fr d N LAE fF
* * A * C *
o-N &N &N
| = {or FB702 [4] - £ - ¢— N2 ok —
p FB702 FB702 FB712 FB712 FB712
Execute Primary
Punch Registration Pressure Roll | or 2 SS
D (not) Corner Cell Lite Filtered
Diog (not) Corner Kick Delayed
T2 gracker Count |
tacker Coun
E} : STACKER SELECTION REGISTERS
EJLS"’C’(” Count 2| The stacker selection registers consist of one 3-position
Diag A c d register and five 2-position registers.
ccept Comman:
} 4-135 | * Bits 5, 6, and 7 of the SIO control code are used to select a
MFCU 51O iR Cycle * stacker pocket. Note that a card sent from the hopper af-
A oR \ ways, stops in the wait station. No SIO stacker selection is
not) No-Op Command * * SIO Command Sample necessary if the selected wait station is empty. The first card
(not) P A P 6 ry pty
remains in the wait station until the next SIO instruction. The
MFCU _IPL Command FC222 stacker selection information of the SIO Control Code pertains
to the card in the selected wait station, not the hopper.
E Clock 6 C




Diagram 4-145. Stacker Selection Registers (Part 2 of 2)

DBO Wait Primary Secondary Punch Corner Print Stacker Stacker Stacker
Stacker Feed Feed Stacker Stacker Stacker Magnret Pocket
Selected
516171 5 |67 Selected Selected é 7 6 7 6 7 6 7 6 7
0 |0{0] O |0l O X 0 l 0 I 0 | o' 0 | !
0 {0j0} 0 j0|O X 0 0 0 0 0 0 0o 0 0 0 4
o |ojt}] 0 jojo0 X 0 | 0 | 0 { 0 | J | |
0 {0l { 0 |0j0 X 0 0 0 0 0 0 o] 0 0 0 4
o fifof o fo]o X 0 I 0 I 0 | ol o o i !
0 {tfo} o0 0] o0 X 0 0 0 0 0 0 0 i 0 0 0 4
oli{t] oJojo X 0 | 0 I ol 1 ol 0 ! I
o [l]l1} 0]oj0 0 0 0 ] C 0 0 0 0 0 4
I jofof| ¢t Jojo X 0 0 0 0 0 0 0 J 0 0 4
Ijoll | o8 ] X X 0 I 0 i 0 { 0 i 0 | |
I Jijof + jr{o X X | 0 i 0 [ 0 | 0 ! 0 2
el X X I ! i | i | I | ! | 3
Note: An NPRO operation selects stacker pocket |.

5424 Attachment FEMDM

(12/69)

3.145



B
CPU_Meter Run ‘
- - 77
> L e
» h Magnet
A + MFCU Meter Run I l
SIO Command Sample y———s
FL | |
. , | |
FaI72 { 5424 |
L -

POR or Exec NPRO Timed .

{not) Card in Wait | * A
(not) Card in Wait 2 *

+ Reset MFCU Meter Run

Diagram 4-150. MFCU Meter Control 5424 Attachment FEMDM  (12/69) 4-150



Diagram 5-005. LIO Instruction (Part 1 of 2)

2

( START )

(2/71) 5008

] ! B
A Activate Activate 'any CPU Cyeles Load selected
I. Sample G ‘valid L1O valid 1-O T LSR from
1Q bvte for DA, 1 instruction' instruction' storage
| Op Set up MFCU Cycle | M and N address
Cvele for LIO contents Loocd DBO specified by
instruction 2. Notify buffer (DA, LIO instruction
CPU  of M, and N)
1 condition A, Y
» Activate k. or A ana
‘Lic’ B ) END OF
instruction Yes DBO No INSTRUCTION
buffer parity \
check N decode 4 'Channel LSR
select bit 7'
- N to CPU
Activate decode 4or 5
B channel | 1-O or 6
condition A A A
and B lines ‘ 'Channel LSR Send 'channel
= N decode 5 select bit 4' 1 1-O
CpPU to CPU condition B'
I | stops with to CPU
f__L_\ I PROCESSCR
CPU CHECK AND A
} STOPS WITH | REGISTER 'Lgl;{anr;el "Channel LSR
PROCESSOR DISPLAY ok se ect select bit 6' p S 3
CHECK AND I UNIT bit 5' tc to CPU LOAD 1/C HINSTRUCTION OPERATION
REGISTER POSITION 8 CPY o Loads two storage address bytes in the selected
DISPLAY | "INVALID Q' LSP. from the specified oddress in the LIO in-
UNIT I ERROR struction and the specified address minus one.
S i LIGHT ON
'PCaAIL'NOg_ 8 I e Consists of an I-cp cycle, I-Q cycle, CPU
c DBO' ERROR H addressing cycles I-H1, 1-L1, or 1-X1, and
- two E- .
LIGHT ON | ::'OC::ZI;;“ wo E-B cycles
N—— | Aor B sent t e The ottachment decodes the Q byte of the in-
| CPL; sent to structicn and sends @ condition code to the CPU.
e An LIO instruction must be executed for each
N Y 1 y 1 1 LSN cddress rogister loaded.
> e The MFCU LSR address registers are:
| 1. MPDAR-MFCU read address register.
2 2. MPCAR-MFECU purich address register.
2. MPTAE-MFCU print address register.
| 1-OP Cycle »le 1Q Cycle CPU | Cycles ———sda—— EB Ist Cycle e i FB not Ist Cycle
D for Adaressing l
0 ! ;2 344 45 7 o8 o4 | 8 |

LIO instruction

Any Valid 1-O Instruction

> Valid LIO Instruction

Set DBC Buffer

DBO Buffer Output Avoilable

Reset MFCU Address Lctch

MFCU Address Latch

Reset Accept Command Latch

Accept Commerd Adiress Latch

Chennel | 1-Q Cendition B




2 v 3 v 4 v 5 v 6 A 4 7 v 8 v 9
Valid L1O Instruction -
CL
. Diag 5-045
Print Buffer | Busy .
- —
Diag 5-235 N Decode 4 .
. L] Busy to LIO ™| . /
Diag 5-235 Print Buffer 2 Busy * . . A Accept Cmd
@ Channel Read/Feed Buvy OoRr Valid LIO Instruction OR - * N Accept Cmd
Diag 5-080 N Decode 5 § * OR b= Chan | 10 Condition B /O I
> @ Execute Punch * m CPU FEMD 4-100
Diag 5-080 Q\N Decode 6 . FC222 FC222
FCl4
LIO Instruction cle2 *
Wor N
CPU FEMD 4-100 = OR | Any Valid 1-O Instruction . hrcu "~ ox |+ Chan 1 10 Condition A —
B ez | H A ress | Valid| MFCU Address A VARl
*
FL * CPU FEMD 4-100
— FC212
/e FC242 o
Not FC242 Parity Check
’ Data Bus Out P N Parity Bit
| I Al f Parit
FL—‘ ¢ ™ Check | DBO Pority OK
Diag
4-10 Al DBO Odd 1HIXXXX
FCu2 IQ Cycle
c FCli2 Clock 6 C
*
I-Q Clock C 2 (1-Q cycle clock 2) A .
CPU DBO Register * R | »_ Channel LSR Select Bit 7 -
DEO (CPU) o . System Reset or POR © ﬁ'r/ o |F>
i A CPU FEMD 4-100
t F u
—_— A "
> 2 '__J >~ OR |*__ Channel LSR Select Bit 5 X
I l CPU FEMD 4-100
. 3 1-Q Register N Decode 6 @
8FL's * N Decode 4 or 5 or 6 *
4 4 | —— N > *— A Diag 5-360
* N Decode 6 * « _ Channel LSR Select Bit 6
5 4] 5 l Field 1 OR —{vo >
D Diag [~ A . N_Decode 5 N Decode 5 CPU.FEMD 4-100
4-10 Diag | ~ | Decode b
Clock 5§ . 4-22 5 Diag 4-22 *
- Diag 5-360
FCi02 FCl22 FCI22 ( A
N Decode 4. * OrR L= Channel LSR Select Bit 4 :
jll/o |2
Fea2 CPU FEMD 4-100
’ 1Q Cycle Clock 5 C \o \e \0
1Q Bit 4
D (not) No-Op Command D
Diag 5-075 g Valid LIO Instruction A OR Diag 5-360
@ Valid SNS Instruction I * f
I Execute SNS or LIO Instryction
Gate LIO or SNS LSR Gate LIO
E Diag 5-045 EB Ist Cycle * Clock 2 A » Gate or e or SNS LSR =
EB Not Ist Cycle * OF Dieg 5-360-
FC222
. H 2
Diagram 5-010. LIO Instruction (Part 2 of 2) 5424 Attachment FEMDM  (7/70)  5-010



Diagram 5-015. Test I/O and Branch (Part 1 of 3)

A

I Op Cycle

1Q Cycle

2

START

Set up MFCU
tor TIO

instruction

v

-

Activate
‘To!

instruction

‘

valid I-O

instruction

Activate 'any

1. Somple Q
byte for DA

and M and N
contents

2. Check for
conditioning
indicated by

3. Nofity
CPU  of
condition A,
or B, or A ond

B

M ond N field

Activate
channel | 1-O
condition A

land B lines

@V}
STOPS WITH
PROCESSOR
CHECK AND
REGISTER
DISPLAY UNIT
POSITION 8

'‘CHANNEL DBO'

ERROR LIGHT

\ ON

|

Lood DBO
buffer (DA, M,
and N)

buffer parity check

Set 'MFCU
address' latch

bits 5, 6, or 7 set

Primary
Hopper
ready

C.P.U. Action

Q

bit 6 set

Punch busy

2/71) 5-01S

Send 'channel
| 1-O condition
B' to CPU

]

I. Branch if
specified
condition exists

2. Perform next|
instruction if
specified
condition does
not exist

Condition A or B

to address
specified in
control code

byte

Program branch

Condition A

Condition B

Program
proceeds with
next
sequential
instruction

No

¥ A Set 'accept
Send 'channel command'
| {-O condition| latch
A' to CPU
T

TEST 1/O AND BRANCH INSTRUCTION OPERATION

o Test for conditions specified by N code.

e Branch to address specified in branch address if condition

is met.
Q Code
DA M N _I-RByte
F Device Address MFCU
o] Primary
1 Secondary
000 Feed not ready or error
5424 001 Read feed busy (condition 1)
MFCU 010 Punch data busy {condition 2)
on Condition lor 2
100 Print data busy {condition 4}
01 Condition 1 or 4
110 Condition 2 or 4
m Condition 1, 2, or 4
xxxx xxxx | Branch to address if condition met
Op codes D1 and E1 are indexed




;‘ I OP C,cle } IG Cycle -l CPU  1-Cycle(s) for Addrossing e

CPU Clock [ { | { 2
i

[
.
.
.
.
(o]
o
.

_ y 3 4 4 5 L s 47 48 9 I ! | 2+ 3 | 4 5 5 bd 3 0
| 1 T i f 1 f f T 1 t — T ; 1 t T T f t T 1 T + > f }
B TIO Instruction B T R Wy MENOTRERL . B R B A GRS PRI N o v P TR R NI, 75 . £ R T e R DA

Any Valid 1-O Instruction

T AR Wi o 205 R o 5 ST A WL R P LAY

DBO Buffer Cutput Available

L A, S -

SR SRR OSSR

e R G R

Set DBO Buffer | e I

Vaiid MFCU Addiess

RN S5+ ve 5 e e iy KR e XK N - G b 38 B g e e

FARNRT B

» Reset MFCU Address Latch mesTe

MFCIJ Addvess Latch

57 5 e A e S AR 8 A g NS e, s o

o AR ALY i Ry UG AN,

Reset Accept Command Latch . | e

’ Accept Command Latch

Channel 1-O Condition B

Diagram 5-020. Test I/O and Branch Timing Chart (Part 2 of 3) 5424 Attachment FEMDM  (12/69) 5-020



Accept Cmd

» Chan | 1-O Condition 8

MFCU
Parity Check + ] OR

FC222

CPU FEMD 4-100

OR

*
-
A

IG C6

2 v 3 v 4 v 5 v 6 \ 4 7
Note:
1. If condition is not
met, turn on 'accept
(not) Hopper 2 Ready * OR A ' N l Cm'd" latch and send
@“—‘ A : m— l l A ‘chan 1 1-O condition
. L]
Diag 5-290 FQBite o ol Specified Feed Not Ready FC222 B' to CPU.
OR
N FC222
N A Accept
- (not) Hopper | Ready * OR Accept Cmd_ Command Latch *
Diag 5-290 Device Error FC212 al B Note |
IAA> Execute Print [ Sl o‘ev’ :
Diag 5-080 A m
Execute Punch *
A +TIO Condition 2 Met FC222
Diag 5-080 A | CR
@ Channel Rd/Fd Busy —
System Reset or POR
Diag 5-080 S— Any Valid 1-O Instruction A
OR —
I TIO Instruction FCI32 MFCU .
I'/o_":/\ T1O instr AR Address \;:‘Ic;d MFCU
Not ress
C.PU “EMD 4-100 Pority Bit > FL
‘ it
FL Choch | DBO Parity OK A
FC242
[
FClI2 L
DBO (CPU) " DBO Register * DBO Odd HIIXXXX = Valid MFCU Address Instruction
9 0 2
Set 1 —
| FC242
- |
3
WS FL's frmnd
4
5
Dicg 6
Reset 4-10
7
FCl02
1-Q Register N
Clock 5 (CPU) AR A 1@ Clock 5C =5 c —9
+*+ N Decode-0
. 15— N
FClI2 4 Fll's— | Field
Phase C , 8 Decode
AR Reset § Diag ™ Di
2|7 | ———A ‘o9
4-022
FCl22
1-Q Cycle (CPU) I-Q Cycle
AR
] 1-Q Clock 2
A
Clock 2 (CPU) AR
FC242
Clock 6 (CPU)
AR Clock 6C
A
FC302
Phase C . (CPU) AR

Diagram 5-025. Test 1/0 and Branch Circuit Diagram (Part 3 of 3)

FC212

«__ Chan | 1-O Condition A D
VO IE

CPU FEMD 4-100

Line Activated

Significance

'1/O condition B' only

Correct cddress, valid N code,
condition for branching not met-
proceed with next sequential
instruction.

'1/O condition A’ only

Correct address, valid N code,
condition for branching met-
branch to new address.

Both lines Incorrect parity-causes processor
check and DBO parity check.
Neither line Invalid address or N code-causes

processor check and invalid device
address.

5424 Att

achment FEMDM  (2/71)
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Diagram 5-030. Sense Instruction, 1-Op and 1-Q Cycles (Part 1 of 7)

v 3

A 1 OP Cycle

IQ Cycle

2

START

Set up MFCU
for SNS

instruction

4

Activate
‘SNS'

instruction

1. Sample Q
byte for DA
and N contants
2. Send
condition A, B,
or A and B
signal to CPU
3. Decode I-Q
bits 5,6, ond 7

—
¥

Load DBO
buffer (DA, M,
and N)

Activate
channel | I-O
condition A
and B lines
( CPU STOPS
WITH
PROCESSOR
CHECK AND
REGISTER
DISPLAY
UNIT
POSITION 8
‘CHANNEL r CPU STOPS
DBO' ON ) | WITH
| | PROCESSOR
| | CHECK AND
, REGISTER
! DISPLAY
Neither | UNIT
condition A | POSITION 8
nor condition B 'INVALID Q'
sent to CPU | ERROR
1  \LIGHT ON /

Execute SNS or LIO Instruction

valid 1-O
instruction

Activate ‘any

Activate
'execute SNS
! or LIO

instruction

Send Chan 1
I-O Condition
B' to CPU

)

Diag 5-035

v

(CPUT Cycles for As CPU 1 Cycles for Addressing |

8 v

8

SNS instruction

Any Valid 1-O instruction

Set DBO Register

: )r )'_‘N.,Q% vvvvv _5 fﬂ_ﬁ_

(2/71)  5-030

| G Cycle —————————p#e--sola—— EB Ist ond EB —bl
not lst Cycles Note: See 5-060 for

Sense byte generation.

Note the contents of
the MFCU read, punch,
and print LSR address
registers may be stored
by the Sense Command.

DBO Register Output

Reset MFCU Address Latch

([ {{
77 1)

MFCU Address Latch

Reset Accept Command Lotch

Accept Command Latch

s S i |

Channel [-O Condition B

Set |-Q Register

N Field Decode Output
0, 1,3, 4,5, 0 6)

SENSE 1/0 INSTRUCTION OPERATION

The SNS instruction assembles two sense bytes and stores
these two bytes in core storage. The program examines

these sense bytes to determine MFCU and attachment- status.

® Move two sense bytes from attachment to core storage.

e Instruction is always executed whether or not the device
is busy or needs attention,

o Consists of an |-op cycle, an 1-Q cycle, CPU addressing
cycles, and two E-B cycles.

e I-Q cycle decodes the Q byte and sends a condition
code of B back to the CPU.

e Two E-B cycles are taken to assemble the sense bytes and
to send the sense data to the CPU.

5424 MFCU Sense

Ja—

See Diagrams 5-35 and 5-40 for EB Ist and EB not Ist Cycles

Op Code |Q Code Operand 1
DA N
0 78 111121131516 23
3 0 Direct Addressing [ Byre 1= Operand Address
7 0 Indexed by XR1 ] Byte 2 = Operand Address - 1
B 0 Indexed by XR2
1111 Device Address for MFCU
Not used
000 Low Core Address High Core Address
Byte 2 (EB2) Byte 1 (EB1)
0 Punch CB 0 Hopper 1 or 2 magnet
1 Punch strobe 1 Hopper cell covered
2 Punch magnet one 2 Gear count 1,3,5,7,9, 11
3 IND]1 Byte 2 Bit 3 3 Read cell one exposed
4 Print time 4 Read cell 18 exposed
5 Print fire CB 5 Allow read
6 Print magnet 1(A1) 9(A2) 6 Hopper CB
7 Reserved 7 IND1 Byte 1 Bit 7
001 0 Corner kick magnet 0 Punch registration roli 1 or 2
1 Print stepper clutch magnet 1 Prepunch cell covered
2 Post-print cell covered 2 Punch gate magnet
3 Print inject CB 3 Punch eject roll magnet
4 Print kick CB 4 Punch stepper roll mognet
5 Print stepped CB 5 Comer cell covered
6 Print allow,punch execute 6 Punch stepper CB
7 IND2 Byte 2 Bit 7 7 IND2 Byte 1Bit 7
on 0 Print buffer 1 busy 0 Read check
1 Print buffer 2 busy 1 Punch check
2 Card in wait 1 2 Punch invalid
3 Card in wait 2 3 Print data check
4 Reserved 4 Print clutch check
5 Hopper cycle not complete 5 Hopper check
6 Card in transport counter Bit 2 6 Feed check
7 Card in transport counter Bit 1 7 No Op
010 Invalid
100 MFCU Print Address Register Stores Register
101 MFCU Read Address Register Contents at  *
110 MFCU Punch Address Register Operand Address 1 and
111 invalid Operand Address 1 minus one.
xxxxxxxx | Operand address (Sense bytes destinagtion)




Diag
5-30

A EB-ist Cycle ||. Decode N
field.

2. Send first
sense byte to
core storage
address
specified.

N

N decode 0, I, or 3

N decodeFA, 5, 0ré t

decode O, 1, 3,

W

N decode 0

Activate
‘gate indicator
N 0 byte I

N decode |

Activate 'gate
indicator N |

byte I'
 I—
I

Activate ‘gate
status N 3

byte I'
y

Gate sense
byte to DBI
assembler

Gate sense
byte to CPU
over DBI

'Channel LSR
select bit 7'
to CPU

N deccde 4

v

‘Channel LSR
select bit 4'
to CPU
Printer)

I

N decode 5

Y

‘Channe! LSR
select bit 6
to CPU
Reader)

E—
I

EB not Ist Cycle

1. Send 'second
sense byte to
core storage
address - 1,

2. Activate 'no-
op reset’ line.

'Channel LSR
select Bit 5'
to CPU
{Punch
4 .
Select LSR [CPU  stores
in CPU contents of
selected LSR
into specified
address in core
storage
Yes No

o4

Diagram 5-035. Sense Instruction, E-B Cycles (Part 2 of 7)

w

N decode 0, |, or 3

N decode 0

No

N decode |

Yes

y

Activate 'gate
indicator N 0
byte 2'

L

y

Activate 'gate
indicator N |
byte 2'

L

Activate 'gate
status N 3
byte 2'

L

Gate sense
byte to DBI
Assembler

Gate sense
byte to CPU
over D8I

Activate 'reset
no-op' line

END OF
INSTRUCTION

5424 Attachment FEMDM

(/7D

5-035



Diagram 5-040. Sense Instruction, E-B Cycle Timing (Part 3 of 7)

2 \ 4 3 \ 4 4

SNS instruction

Any Valid |-O Instruction

Execute SNS or LIO Instruction

MFCU Address Latch

Accept Command Latch

c N Field Decode Output (0,1,3,4,5, or 6)
Channel LSR Select Bit 7 ond 4, 5, or 6
Gate Indicator N (0, 1, or 3) Byte |
Gate Indicator N (0, |, or 3) Byte 2
Reset No-Op

Set Data Bus In Assembler

Gate DBI

Select LSR for Store LSR (N Decode 4,5, or 6)

EB Ist Cycle ! EB Not Ist Cycle

VA AN AT AR AR RS,

e

9

(12/69)

5-040



@ (valid SNS instruction) o
AN .
SNS instr Diag 5-010
fvoie
A Accept Cmd
Cpu  CPU FEMD 4-100 * oR Accept Command Latch
A
i VYaiid LIO Instruction FL
D OR Execute SNS or LIO Instruction .
Diag 5-010 ' @\‘ _F@' A
FCoo7 B " Chan | 1-O Condition 8 -
not) N Decode 2 or 7 - - OR /O |F>
J CPU FEMD 4-100
’\ «f A or Ay Volid 120 instuction FC222
MFCU Address
' Mot DBO Ocd HIIXXXX L: Valid MFCU  Address FL
Data Bus Cut P . Parity Bit A Instruction 1Q Cé N *.:
. IA FL Clock 6 C R B Chan | |-O Condition A -
= Pt % Valid MFCU Agdress A OR @
D3O Parity OK 1-Q Cycle FC242 FC242 B
Cherk FC212 CPU FEMD 4-100
FCH2 Diag 4-10 A - 1-Q Clocxk 2
System Reset or POR MFCU  Parity Check
I OR I Gate DBI
— ]
4 Diag 5-060
COThru C3 \g MFCU SNS EB Cycl
Clock 0 * o * Clock O Through 3 (CPU) A : ki C
FL Diag 5-050
Clock a E-B Ist Cycle . FC222
System or  POR or NPRO Resetf OR ]
E-B Not | | OF
£C312 - ot Ist Cycle
Gate LIO or SNS LSR
\em A L+
Clock 2 (CPU) /
FC222
DBO (CPU) DBC Reqister
— N D
P ecode 0
] o>
©— =
Diag 5-050
. N Decode |
ecode @
b [-Q Regi \ Diag 5-050
. - egisrer X N Decode 3
8 FL's [ N Decode 2 or 7 9 @
¢ N @'/ : Diag 5-050
__— i -
R N Decode 0 A N °
o Field . +__Channel oct 8it 7
) 4 FL's N Decode | g or Lhannel LSR Select Bit 10 IF
Clock 5 (CPU) Bia s Decode
s10 2] Diag —oI, CPU FEMD 4-100
N Decode 3 *
4-22 | 7
A .
FCI02 FCl22 N Decode 4 or 5 or 6 * « _ Channel LSR Select Bit 4 -
1-Q Clock 5C — OR . 10 iFp
N Decode 4 CPU FEMD 4-1C0
Diag N Decode 5 ¢ A
4-22 s * «__ Channel LSR Select Bit 4 D
N Decode 6 OR : L,'C IF
CPU FEMD 4-100
L
o A < Chonnel LSR Select Bit 5
OR 'O IF
P MD 4-1
FC422 CPUFE e

Diagram 5-045. Sense Instruction (Part 4 of 7)

5424 Attachment FEMDM

(12/69)  5-045



Diagram 5-050. Sense instruction (Part 5 of 7) (2/71)  5-050

2 v 3 o 4 T 5 o 6 r 7 \ 8 v 9

Reset No-op [ ~
}UF >

Diag 5-180
Check or Sys Reset or NPRO No-Op
A FL
£-B Not lst Cycle -
pas ; OR
N Decade 3 Sk 2GR ' BN ] Reset No-Op 4
D FC202
Diog 3-045
FC202 Fire CB
Check
B L
MFCH NS E8 Cycl -
[: FCU SNS E8 Cycle TEI52 i—@
Ding 5-045 EEIst Cycle (CPU) A * A Gate Status IN G Byte | Gate Storus N 3 Byte | Diag 5-055
B s * 5-060
E-B not Ist Cycle A A Gate Indicator N1 Byte | Gore Indicator N i Byte | E—q
Diag 5-055
Cate indicator N 0 Byte | Gaote Indicator N O Byte | 5-060
. A
Print Clutch
% Check Dicg 5-0355
5-060
FL
FBS31
c Print Sync
Check
FL
FBoi2
Print Home
Chack
FL
D Foe12
Gate Indicator N 0 Byte 2 Gate !ndicator N O Byte 2 Diog 5-055
B A 5-050
D N Decade Q * 5
Diag 5-045 Gate Indicator N | Byte 2 Gate Indicater N | Byte 2 @
A
N Decode | *
D S Diag 5-055
b Diog 5-045 Gate Status N 3 Byte Z Gate Stotus N 3 Byte 2 5-060
’ A
3 N Decode 3 *
Diag 5-045
Diag 5-055
5-060



Diagram 5-055. Sense Byte Generation (Part 6 of 7)

(12/69) 5055

FDI52

@ Hopper | or 2 s Geor Count 1 +3 +5+7+9 411
Dicg 5-290, 5-120 A Dieg 5-125 A
BY Punch Reg P.R. | or 2 rati Punch Gate Mognet Driver
Diag 5-170 A Diag 5-170 A
d ) .
e Read Check BL Punch Invalid
Diag 5-130 A Diog 5-180 A
5-370
or |Bit E or |_Bit2
[ 4 ] ,
Punch CB « Pick Pch Mag ! .
A : A
@ Corner Kick Delayed . post-Print Cell Dork Filtered N
Diag 5-240 A A
B = Print Buffer | Busy " DC\ Card in Wait 1 or on the Way *
Diag 5-235 A Diag 5-075 A
FD252 FD252
@ Gaote Indicator N O Byte |
Diag 5-050
b D Gate Indicator N | Byte |
Diag 5-050
@ Gate Status N 3 Byte |
Diag 5-050
D Gate Indicator N O Byte 2
¢ Diag 5-050
D Gate Indicator N | Byte 2
Dieg 5-050
D Gate  Status N 3 Byte 2
Diag 5-050 \\ | ; \\
e~ P
4 ~ >
Hopper Cell Dark Filtered N PTX | Lite N / Diag 5-060
A A
Pre-Punch Cell Dark Filtered . @ Lift Pch Eject P.R. Mag Dr .
A Diag 5-170 A
D I_C__N> Punch Check N D Print Data Check «
Diag 5-190 A Diag 2-060 A
5-405
— it | — i
OoR Bi - oR Bit 3
’___ !
> ** CE Spare Bits -~ used to
DCP Punch Hold Current Cntl . Indicator | Byte 2 Bit 3 (CPU) ** . jumper in other signals for
‘sampling by sense instruction.
Diag 5-180 A . A
@ Hold Print Step Clutch Mag . Print Inject CB -
Diag 5-240 [ 1] A A
Print Buffer 2 Busy . . L
@ rint Buffer usy * @ Card in Wait 2 or on the Way -
Diag 5-235 Diag 5-075



WPHM Allow Punch Execute

Diag 5-240  PTX 18 Lite

= Punch Stepper P.R. Mag Dr

Ccw >
A Diag 5-170

— Print Clutch Check
EH

Diag 2-065

\ 4 6

Hopper CB

Punch Step CB

Feed Check

Parity

Generator

Diag 4-15

Data Bus In Assembler

Bit
> OR or it 6
E)i/lhim Time Switch Prirt Hammer Bit 9
Diag 5-240
Print Kick CB Print Allow Punch Execute
B Status Byte 2 Bit 4** (CPU) Up-Down Counter Bit 2 |
FD262
D Gate Indicator N 0 Byte | o2 Fb262
Diag 5-050
} &Ge'e Indicator N | Byte |
Diag 5-050
D Gate _Status N 3 Byte | !
G +
Diag 5-050
& Gate_Indicator N 0 Byte 2
c Diag 5-050
[} Gate_Indicator N | Byte 2
Diag 5-050 ]
l L > Gote Starus N 3 Byte 2 ‘L
Diag 5-050
» M
Diog 5-050 Allow Read Indicaror | Byte | Bit 7**
Diog 5-125 Corner Cell Dark Filtered Indicator 2 Byte | Bit 7**
D @ Hopper Check No-Op Command
Diag 5-010
CR OR Bit 7
Print Fire CB Indicator | Byte 2 Bit 7**
Print Step CB Indicator 2 Byte 2 Bit 7**
X Strobe Ph
Hopper Cycle Not Complete Up-Down.Counter Bit | ]
E EK *
Diag 5-080
jf No-Op Command
FDl62
Diag 5-075 l FDle2

D Gate DBI

0

v 9

CE Spare Bits -- Used to jumper
in other signals for sampling by
sense insfruction.

FL's

Diag

4-20

FDI52
FDl62
FD252
FD262

Note 1
There are 8 duplicate
circuits
DBl to CPU
SA /O IF
CPU FEMD 4-100
Note !

Diag 5-045

Diagram 5-060. Sense Byte Generation (Part 7 of 7)

5424 Attachment FEMDM  (12/69) 5.060



Dizgram 3-005. Start 1'O Flowchart (Part 1 of 4) (2/71) 5-065.5-070

2 v 3 v s v 5 v 6 < 7 ¥ 8 v 9

START 1'C INSTRUCTION OPERATIONS

e The SIO instruction starts the specified MFCU operation. ‘ Set no-op if
— | command is
START o The StO instruction consists of an I-op cycle, an 1-Q cycle, (‘ | punch or print
and an I-R cycle. ' landt no cerd in
s The attachment decodes the Q byte of the instruction and /(\ | sele-(:fed wait
A sends a condition code of A or B to the CPU. EC21D 227 IR . Set execute . ________{‘-I'dfio" or on the
‘ C L 222 Cocle jatches jway to wait
0P Cyele [Set up NMFCU o The execute latches are tumed on during the 1-R cycle. Activate specified by ~ lo’urina IR Cv
; " H == o e =
fcr ICA e The control code part of the instruction is used to: 2 charnel [-O | N field \\ Yes
instryction Y condition A |2. Set controls Any device error R
1. Select the print buffer address. ¥ FC242 and B' lines s specified by e ¥ FC202
2. Select 8=bit IPL (lnifEcI Progrc‘m Load) reca mede. Clock &C | Activate control field Set ‘nc-op
3. Select three or four lines of print. volid MFCU CPU 5STOPS MNo FC242 | command
& 4, Select a stacker pocket. oddr’ lotch WITH Activate Clateh!
PROCESSCR 'MECU IR
Activate 'SIO CHECK AND cycle' line | Senu ‘chan
instruction' REGISTER tC check’ to
DISPLAY UNI Fcloz cPU
v Ne Device busy POSITICN & Load DBO
Activate ' A or cttention ‘CHAN 0BO' buffer {control
ctivate “any FC222 - required \ ERROR LIGHT field) SET STATUS
valid 1O ) ‘ £
B instruction’ Set 'cceept BYTEI BIT7

DBO

* cmd' latch

Yes No
buffer parity OK
Ne K
1Q Cycie |l. Sample Q ¥ EC212 Activate
code for DA ] FClic2 FC222 Cond A\Nol ¥ FC222 ‘cnannel 1O
and contents Leed DBO Activate \ Send IO l‘:‘a e to CPU ~ | Activare SO condi?.ton A
% of M ernd N Clock 5| buffer (DA, ‘chennel [-C Ves atrention' to during 1@ -~ |command ond B lines
field M end N condition B' CPU ~Cycle somple’ line
I ‘ CPU STOPS
WITH

2. Notify I line T ]
SR ¥ FC212 FCI22

channe! of
condition A

Send ‘charnel Set <pecitied PROCESSOR
1O condition 'execute lotch’ CHECK AND
A' o CPU cnd PRY or Sec REGISTER

] letch DISPLAY
UNIT
PCSITION €

SEE FUNCTION ' CHAN DBO'
[LOW CHART ERROR LIGHT

and ‘or R

ON

P =
CPU Clock 1F 0 | | : 2 i 3 i 4 I

S1O instruction

Any 1O instruction

Any Volid 10 Instruction

DBO Buffer Output Avail

Set DBC Buffer

Va'id MFCU lnstruztion

Reset Valid MFCU Address Lotch

% Volid MFCU Address Latch

Reset Accept Commaond Latch

Accept Command Latch

Channel 10 Condition_§

MFCU IR Cycle

SO Command Semple

Execute Lotches ‘
—xer




@ (rct) Hopper | Ready

SIO Instruction

SIO Instruction
Diag 5-290 /,@
A A
- Specified Feed not Rd
A I A DG B 4 ‘ S - A Set 10 Attention
Diag 5-080 * A (not) Feed Check
E:CH (not) Hopper 2 Ready l FC212
Feed not Ready
Diag 5-290 : A3
: | A
{not) Feed Check + 10O Attention D
P ; OR /O IE
|ORE - J = CPU FEMD 4-100
AA Execute Print
'_ Accept Command Lotch
Diag 5-080 L (>
[: > Execute Punch - * By to SIO I I * Diag 5-080
B - ok o " Accept Cmd . 9 52295
Diag 5-080 ) T OR 3 A | Accept Cmd
DAE Chan Read/Feed Busy FC132 J IQ Cycle . * Chan | 10 Condition B
1Q Clock 2 . OR 17O IF,
Diag 5-080 ﬁ/ 4 r_l Fe222 CPU FEMD 4-100
> N
MFCU Parity Check i FC222 I I
lY > ’ Any Valid 1O Instruction -
Diag 5-080 SI1O Instr Diag 5-080

AR i
> m OR Any Vaiid 1C Instruction MFCY Parity Checkd « * Chan | 10 Condition A
ondition
- DBO_Odd IHIXXXX . o ME MFCU_Add ; OR o>
CPU FEMD 4-100 (FXXXX) Q Cola 2 N Valid MFCU Addr Inst IQ Cé — r Valid MFCU Address* A
FC202 e ; s ZPU FEMD 4-100
1Q Clock 2 1Q Cycle
Valid MFCU Address l_@
Sys or POR D- 5-080
c SIC Instruction |—P|____->
Diag 5-080
5-295
D———‘ DBO Reg Bits 0, 1, 2, 3
Diag 5-080 A 12
@ !X > DBO Parity Ok
Diag 5-080 FCliz
E} MFCU SIO IR Cycle
- ‘ Device Error
Diag 5-080 ) Feed Check * No-Oo Cmd, No-Op Command OR or +Chan 10 Check
D IQ Bit 5 - Clock 3¢ * or |_set Wo=Op Cmd a YO IE
- o oR * * A CPU FEMD 4-100
D Diag 5-080 1Q Bit 6 * — Sys or POR or NPRC or Ck Reset * FC232
D FC242 No-Op Command o
Diag 5-080 FC202 v
Diag 5-010
5-060
Card in Wait 1 or on the way =
Card in Wait | Primary <
Diag 5-055
> - s =
Cord on Wav Wait | . . A MFCU SNS EB Cycle
N - e . EB not Ist Cycle
. Card In or On Way to Specified Wait b x
T 1Q Bit 4 & * CR N _Decode 3 * A
R A Clock 2
Diag 5-080 Cord in Wait 2 -
E Card on Way Wait 2 Or FZIZZ o
econdary . .
375 Coard in Wait 2 or on the way @
Diog 5-055

Diagram 5-075. Start I/O Channel Controls (Part 3 of 4) 5424 Attachment FEMDM  (2/71)  5.075



Diagram 5-080. Start 1/O MFCU Attachment Controls (Part 4 of 4) (12/69) 5-080
2 v 3 -4 4 \ -4 5 Vv 6 \ 4 1 Vv 8 v 9

DBO Parity OK

Clock 5 * X
OR DRQ Parity OK N * Diag 5-075
- T A L2 Parity Check D
@\ Diag 5-075
A Data Bus Out P NI E: Not P Bit Feasz
‘ JAE L —‘ r—-—‘P - ,
arity A p——————ny
Diag 5-075 Check 1Q Cycle , ] {
’ Clock 5 * S
AZ>—— , Diag = oz
Diag 5-130 Fciiz 4-19
5-175
le l i -
b 5-190 Any 1O Vetid Instruction FCi2 IR Cycle  + A Diag g ?;g
5-250 = F -
5-255 Any MFCU 1O Cycle DBO Porit, OK A » MECU 510 17 Cocle 2-2158
5-365 €§ -z B
5-405 Valid MECU Adar Fe2i <—é 5250
DEO Reg Bits 0, |, 2, 2 <
@_J SIO Instruction Diag 5-075
IQQ -
B Dieg 5-075 gwcu SI0 IR Cycie [—— [aF >
R - .
i ]: > /(‘\cocjg'f\‘c_mod Lé“:h 3 A © A 1 S10 Cmd Sample « txecute fri - Execute Primary Diag 5-120
Diag 5-075 - 2-p Lomman Clock 6C (not) T 13 Bit 4 IA FL 5-170
FC222 FCz22 [ [ .
[D__ (set) N 1* txecute Secondery E
Diag 5-075 DBC 0 ] I Dieg 5-120
9 (: Reg —-|- FCl4z 5-170
> \Q Bit 4
Diog 5-075 1 iQ_Bir 5 D
2 , Execute Print Daig 5-075
[
DEO (CPU) 5 errem iy I
S FL's @ Bir 4 Diag 5-075
4 4 ' Print Load |LSR 1O C Execute Print
I 1QQ Reg * JOR AA
i it 5 .
c 5 5 SR FCI32 Diag 5-025
| 4 Fl's T IQ Bit 6 Feed Check s 2—?272
Diag -
t - Dieg 1 : . .1 ORr Execute Punch 5-240
Clock 5 (reset)f 4-10 [ ags | 5 lo Bt 7 Sys or PRO or NPRC ) * . Execute Punch 5-250
1Q Bit 6 IA FL
FClo2 FCi22
End Punch Cycle . Diag 5-010
B + or 5-025
FCi32 5-075
5-120
IQ Bit 6 5-170

Fil
IN]
P
o

Control LExecute Reod £ te Reod Dieg 5-075
* xecute Rea
D Field Qsir7 |AE FL !AC >
Decode Feed Check * Diag 5- 130
OR 4 5-365
OR
Sys or POR or NPRC  * T2
See Diagrams: A
Print Buffer Address 5-235 (not) IPL Cmg Stored
» IPL 5-320 .
Print 3 or 4 Lines 5-235
Stacker Selection 4-140 .
1as E:ecufe Feed : Diag 5-120
FL (not) Sys or POR * A | Execute Feed 5-17¢
f 5-295
Hpr Ck and not Motor Rdy 2 N (ne L Hopper sor e =
. OR * L|OR
Trailing Edge v
E T | [0
Hpr Cy Nt Cmpt Diag 5-010
e =
Chan Read,'Feed B: 5-025
Hopper Cell Lite Filtered FL OR B 5-075
System or POR or NPRO OR Hopper Cycle Not Complete r—@
Nimn 52060




Diagram 5-085. Read/Feed Operation Flowchart (Part 1 of 8)
2 v 3 v 4 v 5 v 6 v 7 A4 8 v 9

READ/FEED OPERATION
o The read operation reads 96 card columns from o card Q

(2/71)  5-085

and stores card dofa in core storage.

START |

e The feed operation is the some as the read operation Diag
——— except that data is not sent to the CPU and the MRDAR  5_¢p
start 10 1 Execute feed is not selected. However, the card is actually read by
Dicaran } latch and the attachment circuits. C No
A tegra 1 execute read . .
- o The its read from the three card tiers are sent to the
5-065 ! latch were set No The 18 bits read from the thi d t t to th
tduring IR cycle Execute primary CPU as three separate data bytes.
tof SIO o The attachment generates a cycle steal request for Yes
each data byte transferred. F830!
Set 'all
o The data is checked by comparing outputs from the reecd‘ol;::lh
" " - read data register and the read check register.
Pick hopper Pick hopper Pick hopper ] €9
> magnet and - magnet | magnet 2 o The card being read stops in the selected wait station. ] FB321
feed cord Start gear
l J emitter
ter
fEn'dR No coun Ie
o |
cyle - ] FB39'_-__'___.___.___._--___—--—-I
I. Set read Set lg?te .rfehcd : Gear emitter counts 3 and 7 and :
B Ves data controls ‘ somple iv:tl . 1 11 are used to set the read check |
22 2. Set r:ecd gear :"; ; I register = only one of these is nec~ !
FB22 data register Zou; 9' ar:d : essary to set the register. Counts :
Set ‘feed and read ) Foll “’ v , land 5 and 9 are used to set the I
execute' check register of hopper CB t read data register - only one of !
latch frolm Ipl-\ofo : these is necessary to set the regis- :
cell lights i
!
————————————————— -+
— Yes
> FB222 FB242
7 — sy
Set 'feed , Turn on 'pri
Cord cycle' latch }or 'sec’ ind.
N i fc indicate
onw:ti:fy ° ! last feed used FDI02
— Set read data Set read check
reg. lotches reg latches if
c 3 if corresponding
No corresponding photo cell is
All cells dark photo cell lit
Card is lit
in the specified J
waif Yes
FB30I
No Set 'leading
» FB222 edge' latch No
Set 'gate Gear count
hopper’
latch F832i
Start qgear
: emitter
FB232 counter
Bring up lines
D ‘Feed gate |' s
',;Zfdhc.?:;::r? this a read
Gear count 46 emd
Yes
FB30I
> Hopper CB Set 'start
read' latch
‘ Diag
Set 'hopper | FB32! FB830! FB30I __ _ 5-90
or 2' latch Reset geor Reset 'leading Set 'inhibit ! This prevents
with hopper emitter edge’ latch leading edge’ i blank cols
E CB leading counter latch | from setting
[] Y } 'leading edge’ A
| FEOUNNOVERS—

Diag



Diag |
5-85
Read cycle |
steal - trans- FBa3l
A fer 3 bytes of Set 'read
data cycle S"e‘" See Inset Chart
request
|_FCa02
Set ‘read
priority req’

b latch
i FC402

Activate 'CS
bit 4' line
to CPU

CPU
respond DBO 0
and 4

’ Set 'read 1O
cycle' and
‘any MFCU i
10 cycle' Activate 'block

SDR to B' and

Activate 'LSR 'Chan store datd|
sel 6' and and 'Chan

c 'LSR sel 7* translate in'
to CPU to CPU

Read,
punch, pch ck
count !

Read,
punch, pch ck
count 2

Ye

s
FC342

FC402

Activote 'CS
bit 4' line
to CPU

Advance read |
punch, pch
ck counter

Read,
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Diagram 5-090. Read/Feed Operation Flowchart (Part 2 of 8)
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Diagram 5-095. Read/Feed and Read Data Controls Timing Charts (Part 3 of 8) (2/71)  5.095
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Diagram 5-120. Read/Feed Controls (Part 6 of 8)
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Notes:
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Diagram 5-130. Read Cycle Steal Request (Part 8 of 8) (2/71)  5-130
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Diagram 5-135. Punch/Feed Operation Flowchart (Part 1 of 11)
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Diagram 5-140. Punch/Feed Operation Flowchart (Part 2 of 11)
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Diagram 5-145. Punch/Feed Operation Flowchart (Part 3 of 11)
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Time (M.5.) Model Al i) l(|) 2lo 3{0 410 50 6[0 7'0 cio 90 100 1o 120 130 140 150 8i0 820 830 840 850 860 870
| I l | I I I | I I ! I | | I
0 5 12 15 20 25 30 35 40 45 50 55 60 4 4.
A Time (M.S.) Model A2 1 i’ | | { | | | | } { 1 | 615 710 7|5 ( ( 4?5 10 4II5 4%0 4:1)5 43;0 351
I 1 T 1 1 1 T T T T T T 1 T — J T 1 T T 1 1

Execute Punch

Execute Feed

Feed Execute r Reset About 96 (Mod A 2)
J

Punch Execute -

e

JJ

B Punch Unit Busy

T i i P o e B s RIS AN G T4 $ B e e T el TSR 8 NAE T e o iy PR 05 i E L

Check, Pick Hold
Punch CB _l__l_x_{_l_l_l_l_l_l_l_l__l_l_l_l__l_l_l_l n 1n = ] 1y (m Il in m 2 T | R =

Punch Step C8 | | | | | | | | | | | | A [ | J(j( | | | n
’ Punch Step Count 1 [ 1 2 1 3 ! 4 1 5 | ) ) 7 rr 34 L 35 \ 36 , 37
1 I T T I l T J A I T T

Lift Punch Eject P.R.

Punch Registration P.R.

((
27

Punch Gate

((
o,

Pre-Punch Cell Covered

r Uncovers ot 303 (Mod A 2)
J

' Drop Punch Stepper P.R.

11 12 | 132
Punch Data Cycle Steal Request Col COI C.o 3 C Co.
J S
Col 2 Col 3! Col 32
Punch Check Cycle Steal Request = Jr/( 3 \

Punch Pick Strobe | o

Punch Hold Strobe

Punch Check CB

End Punch Cycle

See
E Diagram 5-155 Diagram 5-160
Punch Data Punch Check
C.S. Request C.S. Request

Diagram 5-150. Punch/Feed Timing Chart (Part+ o1 11) 5424 Attachment FEMDM  (2/71)  5-150



Diagram 5-155. Punch Data Cycle Steal Request (Part 5 of 11) (2/71)  5-155

2 v 3 \ £ 4 \ 4 5 v 6 | 7 4 8 74 9

CPU Clock ; ’ t : !
MFCU Clock

& Punch CB s |
Advance Pch CB Counter Latch g et e s 5 oA bt s PR S A b 8 P 3 g e - A N RN A T

Advonce Pch CB Counter

b Check

Punch Check CB

wEEm—— S e i
Count 4 e
Punch Character R e S SRR i e D e

B U Characte Req SRR e 3 s

Punch Data C.S. Req

Punch Priority Req

b C.S. Priority Bit 4

DBO 0 and 4 (C.S. Priority Grgnted)

Punch 1O Cycle and MFCU O _Cycle s Sy 8 : S e ; A 2 i L3 B PSR b AR PR P ISP R o

Punch Data 10 Cycle

LSR 5 and LSR 7 == oy P

> Rd-Pch-Pch Ck Counter Advance ) B | | E - | B

Rd-Pch-Pch Ck Count |

Rd-Pch-Pch Ck Count 2

Rd-Pch-Pch Ck Count 3

Data Byte Tier | Data Byte Tier 3
Data in DBO Reg v g . peEmE— y v res oA T Te———————

Gate Punch Data Byte Reg

Modify by 32

Modify by 64 and Minus

E Datoa on DBI (hexidecimal values)

Lost Punch Data IO Cycle




CPU Clock TL|I2131415 | 617 4¢84 0 112,374,516 718,0, 1

MFCU Clock

2 A o N T

Punch CB

D o DRI a3 k3l RS .

Advance Pch CB Counter Latch

Advance Pch CB Counter

’ Punch Check CB Check

Punch Check C.S. Time

Punch Check C.S. Req

B Punch Priority Request

i

C.S. Priority Bit 4

DBO 0 ond 4 (C.S. Priority Granted)

> Punch 10 Cycle and MFCU 10 Cycle

Punch Check 10 Cycle

LSR SEL 5 and LSR SEL 7

Rd-Pch-Pch Ck Counter Advonce

Rd-Pch-Pch Ck Counter Bit |

Rd-Pch-Pch Ck Cntr Count |

5 o e RIS S TR T N, e 2 et

Rd-Pch-Pch Ck Cntr Count 2

Rd-Pch-Pch Ck Cntr Count 3

Enable Punch Check —— -1

AN WS 7 T e NN S TR

Gate Punch Check Byte

n = Pch Ck
Data on DBI (hexidecimal values) IB,, :e,, T -

Normal Punch Check 10 Cycle

wisians:
Set Punch Check o
’ Modify by 32 ETTTTT—— v
Modify by 3! and Minus
Lost Punch Check 10 Cycle .
E Chonnel Binory Subt ' — —

Diagram 5-160. Punch Check Cycle Steal Request (Part 6 of 11) 5424 Attachment FEMDM  (2/71)  5-160



Diagram 5-166. Attachment Punch Operation

Punch Step Counter

Punch Step CB
One pulse per
revolution of the
punch shaft

>

c
Punch CB
Four pulses per
> revolution of the
punch shaft—not
equally spaced
D

2

Count 1

)

Starting Sequence

y

1.
2.

3.

Pick

Count 4 1

Count 5 1

Y 4

¢ Counts2and3
Rl b

Card moving from selected
wait station to punch station

Punch eject pressure roll magnet

(lift rolls—2—from card path)
Pick

Punch registration pressure roll
(select card from wait station)
Pick \
Punch registration gate magnet

(stopping card in registration for

column group 1 by count 5)
I n mn

1

/

. Set
Punch character request time

» .

1. Drop
Stepper roll magnet (step
card through punch unit

k4

c

Counts 6—~35

ounts 6—-35

Count 36

(2/71) 5-166

v

Count 37

P
/

perform operations
as in count 5

2. Drop culumn group by column

Punch registration pressure group with no early eject
magnet rolt magnet (lift rolf from from punch operation

card path) possible)

3. Take 2. Drop
Three cycle steals for punch Punch registration gate mag-
data (column group 1) net (lift gate from card path)

Check Pick Hold Check Pick Hold 1
, - M Mn__Ji .
] / \

1. Set .
Punch check cycle steal time $ame o.peratlons as
(begin setting up attachment in previous count
for punch check cycle steals) 1. Take

2. Gate

Punch data to punch magnets
(3 bytes)

¢

2.

. Punch

3 bytes of data for one column
group

Gate

(next column group)

Punch check information to the

attachment (3 bytes)

Servicing column
groups with one
group per count

3 cycle steals for punch checking
3 cycle steals for punch data

A

Last checking cycles

Ending sequence

Check Pick Hold
I n mn_rn

)

J

1. Drop
Punch eject pressure roll magnet
(drop rolls—2-onto card to eject
card from punch unit)

2. Pick
Stepper roll magnet
(lift stepper roll off card)

A

1. Take

Three cycle steals for

punching checking of

last column group

!'LI'LI'LI"I,1




TIMING RELATIONSHIP BETWEEN ATTACHMENT
PUNCH STEP COUNT AND MFCU MECHANICS

Diagram 5-168. Timing Relationship Between Attachment Punch Step Count and MFCU Mechanics

1 microsecond — 15.1°

2 v 3 v 4 v s v 6 v v 8 v 9 v
Count
Punch CB iml » B M ™ r
De-energize Check Pick Hold o ‘
Incrementer to punch timing point Ingremt.enter t.o punch timing point
{midpoint of incrementer dwell) (midpoint of incrementer dwell)
Incrementer dwell| (card stationary) . Incrementer dwell | (card stationary)
|
Punch check actuation Punch check actuation
F=—— 125"
X 3,18mm
4
o
. \
/Punch motion \\ /Punch motion | 0.100" =
\ \/ \ / 254mm
/ Interposer spring Interposer spring E
and restore bail \\ / and restore bail é
motion Q motion 0.075" ©
- [=4
\ 1,90mm é
\ 2
\ =
\ [ 0.050" 3
\ 1,27mm e
s
@
— 0.025"
\ 0,64mm
N — N1 oo
Punch 0,28mm
T T T T T T S A I T T 0
44 |9 0 60 83 98 120 178 188 252 316 341 360 46 60 83 98 120 178 188 252 3?1 360 - Handwheel angle
(degrees)
|._ Pch pick CB I-Pch hold CB LStep CB }— De-energize CB Pch check CB LPch pick CB l.Pch hold CB Step CB L De-energize CB Pch check CB Pch pick CB m
{note A) (note B) {note C) (for next cycle) (note B) (note C) (for next cycle)
I-Pch pick CB Pch hold CB '—Step CB - —De-energize CB Pch check CB |~Pch pick CB Pch hold CB L—Step CB — De-energize CB Pch check CB Pch pick CB @
{note A) {note B) (note C) (for next cycle)  (note B) {note C) (for next cycle)
Notes: Mod A2
’q::, ’ 1 rev — 12 microseconds
. o
A Initiates 0.50 A pick pulse to punch magnets 1 microsecond — 30.2
> B 0.50 A punch magnet pick current reduced to Mod A1
Step CB Punch CB 0.15 A hold current value @ od .
(inside) (outside) C 0.15 A hold current turned off 1 rev — 24 microseconds

5424 Attachment FEMDM (2/71) 5-168



Diagram 5-170. Punch/Feed Controls (Part 7 of 1 1

\ (2/71)  5-170
AF xecute Primary
Diog 5-080 Execute Secondory | Execute Primary -
D Execute Punch B—l— . A oA Punch Reg P.R. | Magnet Dr (5424)
rag o=
~ *
A @——’ Print Allow Feed Gate > Feed Gate 2 * , Punch Reg P.R. | or 2 f Punch Reg P.R. | or 2
Py '080 Motor Readv 2 A ﬂ Corner_Ce!l Lite | A . A 4BY >
10 - .
9 R A Feed Gate | ‘ | - OR L Diog 5-055
-_ Fb23z EF-Sard in punch pathl |, A A AR LPunch Reg P.R. 2 Mognet Dr (5424) 5-250
Dicg 5-245 . ] Execute Secondary
> D 300 Cord in Wait |
iag 3-
| Execute Primary A Card in Specified wai
= ] lzggpper CB TE *F:gd Cycle Execute Secondory or K ard in Specified wait Feed Check
ieg 5- FL T
L Hopper ! or 2 Card in Wait 2 A @ Pch Reg A e
POR oo N .R.
Diog 5120 R o NRRO . PR Tor2 Pch Reg PRSS pinch Reg P.R. | or 2 55 (1.92-2.56 us)
e Hooper Check * o MFCU Clock A +| A FL @
End of Feed Cy Cleck B
B T\ End ¢ FB242 Dia
| g 2-020
Tag S5-I POR or NPRO P g FF
Diay 5-120 heck .
MECU SIG IR Cocl Feed Check N OR -
z DY & IR Lycle N * Start Punch Cycle a 5341 ol
Diag 5-080 « Feed Execute 2 Punch Step Count | A
S : Feed Execute \
!AD\ Execcte Feed A FL FB40{
| > ]
Diag 5-080 o
& iag o POERI or TA\IP~O - q,f\_ MFCU Clock C .
mr‘,um‘ doe or Mopper ChecdOR] * OR |* Reset Punch Reg P.R. FF
Dicg 5-120 F8222 @Punch Step Count 4 POR or NPRO
¥ c ) . Pre-Punch Cell Dark  « ® OR
AL > ord in_\Wait
A
Diag 5- 120 N ad
“F Execute Primary Motor Ready |
c - ~ Punch Stepper P.R. Mognet Dr (5424)
Diag 5 OBOE oo @‘{ord in Specified wait,_Punch Execute , Punch-Step Count 5 Drop Pch Step A I AR PP =
xecute econdar )
@ s LAf R Q\ FL , - cw
— FB40 — "_{ %
Diag 5-080 s i i 2 POR or NPRO Diag 5-060
AN ard in Wai 1 OR OFF
@ Punch Step Count — Block CS Request N OR -1 Punch Gate M 5424
Diag 5-120 IS £B40I 8401 A P unch Gare Magnet Dr (5424)
& @ Block CS Req | L cT
Diag 5-190 FB40l Punch Unit Busyy = Siag 5-055
D Execute Punch ~ . . 1
AR xecy eMFZL e MFCU Clock B bsm,-' Punch Cycle Lift Pch Eject Diag 5-120
Diag 5-080 ' A A FL 4 or L] ag [Lift Peh Eiect PR Magnet Dr (5424)
3 4 ) * @f:nch Step Count 37 reed Check N
OR Print Aliow Punch Execute ! * Punch Unit Busy
b Brag 5-240 , MECU Clock & —Tor FB40! {CU >
: i -03
; ] POR or NPRO FBaC! Diog 5-055
— Motor Ready | i—J OR MFCU Clock A A End Punch Cycie@
CCy FB40! -
Diag 5-300 \0 N
! - ‘ Funch Step Count 37 AV
OR Cord in_Punch Path 9 Punch Step CB Punch Step Count 37 Diag 5-160, 5-405
} * Pl Punch Step €
Counter and ’—‘.
Punch Transport Check 3ate FB40l Counter Decode Punch Step Count 27 Punch Step Count 27 ' m
E Non-Punched Card in Ponch Path Diag 5-240
Dicg 2-030 OR e e e PR Corner Cell Dork L_J Punch Step Count 36 Punch Step Count 36
g7 CD has . * {AW >
R o . I ¥ . | A N
tr ) _Wvait Eject Check Gate | F8a3! & End Punch Cycle Brn_Pch A Reset Punch Step Counter 6 FF's Punch Step Count 5 }3 ~_ Diag 5-175
- FL N €3 ~F
Diag 2-020 FB4lt
Punch Station Check Gate o I Punch Step Count 4 9 Punch Step Count 4
m POR or NPRO MFCU Clock D Fe4a2i Diag 4-35
Diag 2-030 ; OR Punch Step Count | \e Pch A”"W* Hpr IAX >
=t FL Diag 5-175, 5-190, 5-405
@—l [Punch Aliow Hopper @
— N ) POR or NPRC -
Dicg 5-120 freiling Fdge or Hpr Chk Trailing Edge or Hpr Chk = JOR Dicg 5~120
F40I Card in Punch Path
FAA

Diag 5-240



2 v 3 v 4 v 5 v 6 v 7 v 8 v 9
(punch char req) D
BB
@ Punch Invalid Punch Invalid Diag 5-180
oR Device Error
Diog 5-180 Chan 10 Check —
5 TR (Jumper) CE Set 10 Ck = OR @
A 3Q (not) Blk C.S. Req FC232 CPU FEMD 4~-100
Diag 5-190 (not) Fd Check
1
B-M\ Last Pch Ck 10 Cy * A (not) Blk CS Req .
! /" Clock 4 * « Channel CS Priority Bit 4
- OR A /O IF
Diag 5-190 5-405 . D
D Punch Check CB . . FB441 Rd_Priority Req CPU FEMD 4-100
8F A (not) Rd Priority Req oR (rd or pch priority req) FC402
' Diag 5-180 A Pch Priority Req
Pch CS Req_ _Pch Data CSR FC402
Punch Step Count 4 P.C.h—gﬂ Req (punch char req) A Set Any MFCU 10 Cy
[a> — OR Channel LSR SEL 7
- FL — OR | e }:/o @
Diag 5-170 Sys or POR or NPRO*___ | Any MFCU 1O C
B or POR or NPRQ e‘l.\ast Punch Data 1O Cylor .~ Any MFCU 10 Cy . T CPU FEMD 4-100
A
. B FB44| | or l FL Clock 4, A
Diag 5-170 C.S. Request —
B Punch Step Count 36 Granted Clock 8C Any MFCU 10 Cy %)
Dicg 5“8°|‘"°" Punch Hold CB FC42 @ set any pch 10 Gy Diag 5-080
or b Channel LSR SEL 5 (CPU)
m ) Fast DBO 8Bit 4 Fast DBO Bit 4 h 10
> Diag 5-180 —— Clock 8 A o Aayech 0 Gy | FC422
Fast DBO Bit 0 Fast DBO Bit 0 «| A A
BJ L Clock 4  «
Diag 5-180
Clock 8C
BU Rd-Pch-Pch Ck Count 3 =
{not) Ist Diag Rd-Pch Ck 10 Cy A Cyel
C Diag 5-180 = Last Cycle gt Rd-Pch-Pch Ck 1O Cy
Clock 0 ?
Rd-Pch Ck 10 Cy ‘
BN or I* Rd-‘Pch-Pch Ck 10 Cy Sys POR or NPRO A Pch Data 1O Cl Punch Data 1O Cy . Chan Translate Out -
Diag 5-190 Pch Data 10 Cy ‘[ ock 8 \o Pch Data CSR  « A AR D'/ oK
i FC312 CPU FEMD 4-100
Fcaiz - FL FC412 Punch Data 10 Cy @
o Clock 8C
0 <+ Diag 5-130
’ FC4i2 O Lost Pch Data 10 C 180
4 5
L 5-345
AL Last pch Data 10 Cy I o .
gPunch Dota 1O Cy « OR * Modify by 64 DBl E
FC332 S,__ A B DBl Assembly 8it | Assembler Diag 5-130
N . D8I 5-190
Rd-Pch-Pch Ck 10 Cy «] A [a Modify by 32 N
D \o (not) ist Diag 10 Cy AP DBl Assembly Bit 2
FC322 Clocks IC or 3C or 5 Diag 4-20
(gate address modify) FB632
e/ Any MFCU 10 Cys
> Clock 2 CCk2Thu 3 Clock 2 Thry Clock 3 A
SDBO A FB432
FL Last Rd-Pch~Pch Ck 10 Cy . .
R Modify Minus Modify Minus
Clock 4 | Clock 4 « Chan Binory Subt -
T  E—— =% OR - /O IF
£ FCa02 CPU FEMD 4-100
FC302
Diagram S-175. Punch Data Cycle Steal Channel Controls (Part 8 of 11) 5424 Attachment FEMDM  (2/71)  5-175



Diagram 5-180. Punch Data Cycle Steal 5424 Controls (Part 9 of 11) (12/69) 5-180

2 v 3 v 4 v 5 v 6 4 7 v 8 v 9

Motor Reody | Puncn Hold C t Cntl
cc e Inh Blk CSR ‘ un. urrent Cni @
Diag 5-300 Punch Pick C3 o Diag 5-055
~ A A AR |_Punch Current Hold Cntl (5424)
Sys or POR or NPRO :
FB44 -
» @ Last Pch Ck 1O Cy e Punch Hold CB Punch Hold CB @
A FB44l
Diag 5-190 \ Diag 5-175
5-'405 Punch C p | or Gate Punch Check Byte | (5424)
unc
——————P —& Punch Punch Check CB Punch Check CB
ICounter, Diag 5-175
- Gate Punch Check Byte 2 (5424) 5-190
-
B @ Punch Char Req R 2 FF's 9 o—] ORr 2408
: Diag Punch Pick CB Punch Pick CB
Diag 5-175 4-30 EBG >
Motor Ready | .
ccC | Diag 5-190
Diag 5-300 . l 1 ! or Gate Punch Check Byte 3 (5424) 5-405
DCD (not) Motor Recdy 2 " A b Ecrtle Punch Rattle OR
> Diog 5-300
@ (not) Execute NPRO Timed FB222 .
Diog 5-280 \ Ehose £ A
F_D/Lpunch Data 1O Cy . . FC342 \ ] »Gate Punch Pick Magnets
— . .Gate Punch Byte A
Diag 5-175 Clock 6C LA 0 o
—=CCK Oh x » FB44i

. 1 A Rd-Pch-Pch Ck Count |

A .
Pch Data 10 Cy . * "
I BD> r OR Gate Punch Byte | Punch
—~ A
» Diag 5-175 Clock | . Roo_ro . Pick Pch Mag's (5424)
@ Rd-Pch-Pch Ck 10 Cy . OR F‘ tapeh Rd-Pch-Pch Ck Count 2 egister A
i (not) Last Rd-Pch-Pch Ck 1O Cy A Pch Ck A -
Diag 5-190 l ) Counter « oR I Gate Punch Byte 2 16 FL's FE201
Clock 7 3 FF's
Diag 5-190 FC312 40_"212 Rd-Pch-Pch Ck Count 3
A
. . Gate Punch Byte 3
D OR I i Diag
7 FC342 — 4-40
Set DBO  f— Fesaz
6
Reg 5 _.__.m
DBO (CPU) I OR Diog 5-175
8FL's | 4] 8 .
> 3 @/Gafe Punch Byte * Pch . m
ch Invalid . .
—— L * Punch Invalid £B451 Diag 2-005
Diagz __2_ DBO 0 or | * FL -
5 - - A FB461 5-055
Cloex 5 Rese: 4-10 ] 6_Bit Machine * Rd-Pch-Pch Ck Count 3 5-175
] Clock 2 . 5-190
0
- Rattle Punch Rattle * A Punch Invalid >3
FC23z (4] @
E FCl02 .
Fast DBO 4 Fast DBO 4 Dieg 21}3?
Fast DBO 0 5-365
] Fost DBO 0
Reset No-op Diag 5-130

@ 5-175

Diag 5-050 - s



2 v 3 v 4 v 5 v 6 v 7 v 8 v 9
Punch Check @
P Punch Check Diag 2-005
. 3-055
or Device Error . o Check
R an ec
(not) Rd Prior 1/ Req J umper) CE 5et 10 Ce | © Vol
peh Ck CS R L Re . ' CPU FEMD 4-100
BF Punch Check CB * €q A Pch Priorif Pch Priority Reg FC232  Channei
ol A d h priorit ) Tori W
Diag 5-180 h Ck N FF (rd or pch priority teg) CS Priority
Ld Pch Ck CSR [ ] Clock 2 *{ Rd Priority Regq OR Clock 4 A4 e Bit4 CPU FEMD 4-100
OR .
AX Punch Step Count 4 ' ]N' N A (not) Blk CS Re I"‘J* 1/O IF,
Dicg 5-170 Pch Ck CS Time FBa4l J FCa2 L FCa02 -8 FCa02 CPU FEMD 4-100
Punch Pick CB
‘BG > 0\ Set Any MFCU 10 Cy Channel
H - * LSRSEL7
Diag 5-180 | Sys or POR or NPRO = 1 o Any MFCU 10 Cy 5y mFCU 10 Cy OR
F al NS A FC422
@ Punch Step Count 37 FBadl Llock 4 4 Any MFCU 10 C
ad Clock 8C . ™ .
Diag 5-170 Inh oc & @
nh Blk CSR A N . (not) Blk CS Req l Fea2 o7 (not) Bit CS R
A N i eq
|CC> Motor Ready ! Feed Check A
Set Any Pch 10 Cy Channel
Diag 5-300 Tor Fost DBO 0 - o |LSR SEL 5
9 Sys or POR or NPRO 4l . Any Pch 10 Cy An. peh 10 C o {:/0 1>
Clock 8 * L CPU FEMD 4-100
Fast DBO 4 p AYFL A FCA22 i
Punch C.S. BR
- ante -195
- (not) Ist Diog Rd-Pch Ck 10 ¢y | 4 Last Rd-Pch-Pch Ck 10 _Cy l FCal2 Last Rd-Pch-Pch Ck 10 Cy
Diag 5-195 A L Last Pch Ck 1O Cy Pch Chk C.S St Poh G 10 C J {EN >
- - A et Pc Y
e.ii Pch-Pch Ck 10 Cy * Clock 8 Pch Ck 10 Cy *} Request Pch Ck 10 Cy Diag 5-195
Sys or POR or NPRO JOR FC332 L Granted _ Set Pch Ck 1O Cy o Pech Ck 10 Cy Pch Ck 1O Cy
7] . A FL OR «Chan Translate in Diec 550
A |E -F___ N iag 5-
@ (not) Punch Invalid 9\‘ \b Pch Ck CSR * lock - 3-195
o P R Punch Ck 4 Check d Clock 8C _ ~9
iog 5- ; — FC4
@-Domel Feh Gk 10 Cy r Ay CRO B ]2 ) Last Pch Ck 10 Cy  CPU FEMD 4-100
— Check or Sys Reset or NPRO., Clock 2 Clk 2 Thru 3 L—[em>
Fast DBO 0 s SIO Cmd Sample _+ - Clock 2 Thru 3 * o
A iag 5-175
Fast DBO 4 o’ FC232 ﬁ Normal Pch Ck 10 Cy orR | Chan Binary Subt 5-180
(not) Rd=Pch-Pch Ck C x Slock 4
BT not ~Pch-Pcl ounter Bit FC302 -
- . Normal Pch Ck IO Cy FC203 CPU FEMD 4-100
Diag 5-195 . g
0 c3
- FC312
(set) § DBO | . . Modify Minus
= OR Modify Minus
DBO (CPU) Reg i * Clock 4 *i Al FL
i_1 FC322
" or - \9 Last Rd-Pch-Pch Ck 1O Cy Clock 0
sFL GAPch Ck 10 Cy A L
| 5| Rd=Pch Ck 10 C ' Modify Bit 3 or 4 FC302
FCl02 OR Y Y
Clock 5 IEesetl 6 Rd 1O Cy A
7 OR o—
(Dies 415] 9 Rd-Pch-Pch Ck {0 Cy
‘o9 % Rd-Pch Ck 10 Cy Diag 5-180
* 5-195
IBC > (not) Last Pch Data 1Q Cy i 2] A L= Modify by 32 *
Dicg 5-175 Any MFCU 10 Cy« (gate address modify) not) Ist Diag 1O C A DBl Assembly Bits 3 thru 7 o ms -
A = A tag o=
Clock 2 o Clk2Thru3 Clock 2 Thyr 3 Clock 0 2 Clk 0 Thry | 1 DBI Assembly Bit 2 Ass:?ﬂ“;,er 5-195
- FL FL D8I (CPU)
Clock 0 Thru |
Clock 2 A Reed or Punch Check Bit
or POR or NPRO 8
Sated Punch Check Byte (5424) FC302 Clock IC or 3C or 5 (Diag 4-20)

Diagram 5-190. Punch Check Cycle Steal Channel Controls (Part 10 of 11)

=
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Diagram 5-195, Punch Check Cvcle Steal 5424 Controls (Part 11 of 11)

(2/71) 5-195

2 v 3 v : v 5 v 6 7 8 v 9
b Rd=Pch-Fch Ck_Counter Bit | DBT
) Diag 5-190
a3 Rd-Psh-Pen Ck 1O Cy =
Clock 7
Diog 5-190 s N .
= SDEO A 1 L Rd-Pch-Pch Ck Count !
3% \_not) Lowt Ra-Pch-Pch Ck iO Cy [ o N Rd—Peh- A 8 oR Gate Punch Check Byte | (5424)
B Diag 5-190 ock L—, L peh Ck W Fam FC342
Clock 6C Counter
(not) Rd-Pch Ck Dino Mode A
@ Rd-Pch Ck 1O Cy *
- . Diag 4-25 Rd-Pch-Pch Ck Count 3 Rd-Pch-Pch Ck Count 3
Diog 5-199 - FC3i2 BU
FC3I2 Diog 5-190
Rd-Pch-Pch Ck Count 2
=
A B
? OR ‘ Gate Punch Check Byte 2 (5424)
FC342 —J
A OR Gate Punch Check Byte 3 (5424)
. FC342
@ __Ser Pch Ck 1O Cy . Enoble Pch Ck
Clock 8C A FL
& Diag 5-190 Clock 8C 1A}
Svs or PCR or NPRO
OR
FC312 Enoble Punch Check Latch Enchle Punch Check Circuits (5424)
BP > Pen Ck IC Cy »
- Clock 4 * A
D Dicg 5-190 {not) ist Biag Rd-Pch Ck iO Cy
FC312



Diagram 5-200. Print/Feed Operation Flowchart (Part 1 of 14)

2

START

\ 4 3

FCl42

Set 'print
buffer | busy'

Set 'print
buffer 2 busy’

y ]

Stort 1O
A Diagram
5-065
B
|. Move card
from corner
station and

register the
card at print
station.

2, Execute a

10 cycle.

3. Set print
mechanically
busy.

print load CSR

Feed
and no print

y FB50I

Yes

Set 'print
request’

_—
Execute feed'

]ond 'execute
print' are set

Jduring IR cycle
of the SIO. If

{printing 4 line
set 'execute

| print 4' lines.
If not punch~

l ing pick punch
reg P.R. See

| ‘punch/feed’

—

i punch and

print op set
ot punch step
count 27, if
lprinf ond no
punch set at
[end of IR cycle

Set 'print
stepper home'

L |

[
¥ FBS2I
Set 'print | Energize
stepper clutch' | clutch to stop
' card

# FB52| ¥ FB52!

y FB622

Set 'LSR load
CS request’

l FB622

Activate 'print
priority requesf]

Duration

of Pick to
Print Stepper
Clutch

FC402

Send 'C.S.
priority bit 4'
to CPU

Print
inject CB

Set 'print
clutch pick’

PICK 'HOLD
PRINT STEP
CLUTCH MAG

9

Activate 'gote
inject gate'

; FBS52I ¥

I FBSIL

o

FB321 .
Set 'gate PICK 'PICK Set 'print [set *print
print step PRINT STEP inject gate' allow punch
counter’ CLUTCH MAG execute' to

allow punching
of the card in
wait

I

A
Diag 5-205

(2/71)  5-200
Diag 5-275
| 3 2 )G
——
Print PRINT/FEED OPERATION
Fall of fee kick CB e Print three or four lines in card print area.
heck time base
5 e Print character counter contents are sent to
RESET the CPU during each data cycle steal request.
FB521 PRINT e Print character counter value is compared with
INJECT h int i ddressed by th
Advance 'pick GATE the core ffcroge print image as address y the
print stepper MFCU print address register (MPTAR) located in
clutch delay the CPU.
']
counter @ The results of the compare are sent to the print
l Fasli shift register.
- .. Activat o After one complete revolution of the typewheels,
Print steppe No Set P”‘:f " 'cf)rl::riick' eight (model Al) or sixteen (model A2) print
clutch delay count corner kic hammers were energized unless a blank appears
9 in the core storage print area print position.
Yes - e A side motion carriage shifts the card to print
——_—M 8521 Fesil the next character group on the line being printed.
FB5 Set 'print
Reset 'print Reset 'gate mechanically o After last line is printed, the card is sent to a
clutch pick' print stepper busy* Fall of feed stacker pocket.
clutch delay check time base.
counter' 4
l FB511
FB521 FB521 ACTIVATE B531 Allow
DROP 'PICK RESET 'PICK 'PRINT TIME Advance Card
PRINT STEP PRINT STEPPER SWITCH' 'corner kick | Move-
CLUTCH MAGY \CLUTCH DELAY) counter’ ment To
COUNTER! Stop In
Corner
No
kick count 6
Yes
FE201-FE2!1 FB53I
5 Pick ‘corner | Stop advanc-
kick mag' and | ing 'corner
'corner I kick counter'
’ alignment mag' - 1
Y FC412 FC412
Set 'any print Set 'print LSR
1O cycle' ond load 10 cycle! 4 5424 Print LSR Load Cycle Steal
Ig;ZIQA'FCU 10 Cornf:r No CPU MFCU
FC422 cell lite ____Cycle Steal Request Bit 4 2
|[7D=0C Cycle Steal Request Granted Bits 1 and 4 _ 8
Send 'LSR SEL Print N Yes FBSit _LSR Select  ts4and7 |
4' and 'LSR SEL| s °
7' to CPU buffer 2 busy Set 'card in 0 MPTAR SAR _LSR Select & 4 ond 7 0
print station' See Note
— Rkt
Activate 'gate Activate l 0 Tand 2 SDR ——~8 1 and 2.
address modify' 'modify print FBS
LSR by 128" Reset 'print Force MPTAR | 2CD
s L To 00 (Lo Byte)
. corner kick
3and 4 A Mod MPTAR Lo 3 ond 4
l l LSR Select Bits 4 and 7 oy
LSR Write Lo ALU
PRINT BUFFER Reset 'corner S5and 6 —————— Sand 6
2 BUSY SEND kick counter’ 6CD
BIT 0 TO CPU drop 'corner LSR (MPTAR)'Now At Hex
PRINT BUFFERI kick mag* and Correct Starting Addr (00 or 80)
BUSY SEND NO ‘alignment mag 7andg SRWrite Hi_ 7 and 8
BITS TO CPU
Note: During miscellaneous time in on 1/O cycle these controls are

1. Block SDR to B
2. ALU output will be DBI
3. Binary subtract gate up
(Add the A reg to blank B reg)

active:



Dicg
2-200

@

Advance card
to print line |

Feed
and no print

Pri\

inject or print

§ Fess2

Set 'degate
print clock
decode'

:

Activate
'condition
print clock
advance'

!

Advance 'low
print clock’

Print clock 1
only

Diagram S-205. Print/Feed Operation Flowchart (Part 2 of 14)

| Advanced

| every print

| inject or print
Ikick CB

£R52
Set 'inhibit
print cluich
hold'

DROP 'HOLD
PRINT STEP

CLUTCH MAG

y FB52i
Set 'gate
print step
ccunter’

L

Reset Hold To
Print Stepper

Clutch

Advance Card
to Line

Foll of feed
check time base

Advance 'pick
print stepper

clutch delay
counter’

stepper clutch deloy>

f

FB52! FB52]
Reset 'inhibit Reset 'gate
print clutch print step
hold’ counter’
RESET 'PICK
PRINT STEPPER
e} Fes2
Set 'print PICK 'HOLD
clutch pick' PRINT STEP
CLUTCH MAG’
y FES2 ? F8521
Set 'gate PICK "PICK
print step PRINT STEP
counter’ CLUTCH MAG'

Fall of feed
check time base

Advance 'pick
print stepper
clutch delay
counter'

Print stepper
«lutch delay
count 9

Duration of Pick
to Print Stepper
Clutch

Reset 'cate
print step
counter'

FB521

Reset 'print
clutch pick'

—I £B52]

Drop 'pick
print step
clutch meg’

!

5 6
¥ FB362 —§ FB562
Set 'side Set 'gate
motion gate' print clock
high'
ADVANCE
PRINT CLOCK
Fali of fzed HIGH RESET
check time base PRINT CLOCK
LOwW
Aavance 'print
side motion
counter'
Pick 'print _—ﬁ;ick up side motion carriage and hoid)
side motion {for entire print operation (3 or 4 lines)
magnet’ lof print, no early eject possible). B
5424 Print Cycle Steal
CPU MFCU
. Cycle Steal Request Bit 4
| 7D-0C Cycle Steal Request Granted Bits | and 4 5
LSR Select Bits 4and 7 |
Chan Xlate In ec
0 MPTAR—+S5AR ) 0
land 2 SOR —— A Print Character 1 and 2
. Cycle Steal Request Bit 4~~~
(Print Data) -
1 _Chan Bin Sub ;
7 Mod MPTAR x
3and 4 ALU L_o ~ Lo — 3 and 4
1CD LSR Select Bits 4 and 7 i
P Bit Only = Set On Bit In Print Shift Feg
B Any Gther Bit(s) = Set Off Bit
s SR Writ
Diog Sand 6 i_ne_l.o._ 5and é
5-210 7 and 8 LSR Write Hi 7 and 8
—— an

5424 Attachment FEMDM  (2/71)  5.205
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Diag
5-205

Print | line
of print

Feed
ond no print

No

Print

request clock

Diagram 5-210. Print/Feed Operation Flowchart (Part 3 of 14)

v

3

Diag
5=215

NOTE |

to CPU F F

magnets

T

Diag
-215 Yes
> FB6O2
Set 'print I Advance ‘last
character ‘prinf choracter
request’ detection’
)
Print
N
fire CB °
Yes
Y FBI92 FB622 K _
Activate 'load lAdvance "print RESET 'PRINT
print data character DATA SHIFT
rank [ counter’ REGISTER' NOTE 2
| .
¥ FB622 FB602 ¥ K
Set 'print C.S. | Advance ‘print Set '(print data Gate 'load
request’ lC‘S. request reg |)’ and print data
| counter' (print data reg rank 2 counter
2) from data
in shift register l
FC402 Advance 'load
Send 'C.S. print data rank
priority bit 4' 2 counter' with
Pick selected 20.48 u sec
print hammer clock B pulses

FBI92

Activate 'load
print data rank
2

] FBI92

Rese* '(print
data reg 2)

§ FCal2 § Fcai2
Set ‘any print | Advance print Set 'print data
10 cycle' and [ 1O counter 10 cycle'
‘any MFCU 10 |
cvcle'
FC422
Send 'LSR Sel
4' and 'LSR Print
Sel 7' to CPU priority req
Lost print Yes Address 'modif
data 1O cycle +2' ('mogdify
~4' model A |)]
No ’ I
FC402 FC412
Send 'C.S. Send 'charnel
priority bit 4' translate in'
to CPU to CPU
l‘ l FB632
Activate 'gate Send 'print
address modify' NOTE 4 character
counter' to
CPU
FC402 FC302
SEND 'LSR Send 'channel
SEL 4' AND binary subt'
'LSR SEL 7' TO to CPU
CPU

Any
bits or DBO

Activate 'print
compare'

Shift "print
shift reg' with
load sample’
turn on FF
'bit A* if 'print
compare'

Last print
data 1O cycle

l._—__

Diag
2-215

(12/69)

9

5-210

| Count 8 on
| model A |
N
FC332
Set 'last print
dara 1O cycie’
Ye:
req counter counrt
Activate [ modity -28 Yes
‘modify -30° Ifor model A | print character
Activate
— ‘modify +I'
Modify =27 | Activate
for model A1 | ‘modify -29'
- y
FB622
Reset 'print
data CS
request’
l FB622
Reset 'print
priority request’
Note I: Print request clock is made up of the following clocks

for a 16 hammer machine (model A 2) 5, 7, 1i, 13, 17, 19, 23, or 25.
In addition to the above clocks, the following are active for an
8 hommer machine (model A1) 8, 9, 14, 15, 20, 2I, 26 or 27.

Nete 2: The reset to the print data shift register will occur
320 ns after print data rank |. This will aliow the print data
reg | and print data reg 2 to be set with the data from the shift

reg before it is reset,

Note 3:

Print data rank 2 will try to reset print data reg 2 but

any print data reg | FF on will override the reset.

Note 4.
cycle modify -28 or -30.

During cycle steals modify +2 or +4.

If lost data 10

if C.S. counter count 64 modify -27 or -29.
If last print choracter modify +I.



Diag
5-210

Move
c

print

next line of

card to

Diag
5-210

Last
print character

Carriage
assembly will
be shifted
mechanically
to next pos for
printing

Diag
5-210

Feed

and no print

Print
clock 10,16,22,
or 28

Printing
4 lines

Print
clock 28

Diagram 5-215. Print/Feed Operation Flowchart (Part 4 of 14)

Print
clock 22

No

FB5I2

Activate 'last
print clock

l FB52!

Reset 'print
step clu*ch

l FB52i

Drop ‘hold
print step
clutch mag

:

FB512

Activate 'last
print clock’

) Fas2|

Rese* 'orint
step ciutch’

) FB52I

Drop 'hold
print step
clutch meg

FB52!

Set ‘inhibit |
print clutch E

hold'

¥ FB52!
Set 'gare print
step courter'

DROP 'HOLD

PRINT STEP
CLUTCH MAG'

Advance 'pick
print stepper
clutch delay
courrer'

rint stepper
clutch delay count

No

9
Yes
¥ FB852! y F852!
Reset 'inhibit Reset 'gate
print clutch print step
hold' counter'

5
Print
clock 22
4 lines of print
The card is IReser 'print

moved
mechanically
from the print
station to the
stacker. Drop
'print mech
busy’

END OF
OPERATION

mech busy’
| 4.354 v sec

after 'last

print clock!

L

T

No

FB521 1 FB52!
Set 'print ICK '"HQLD \
clutch pick’ PRINT STEP

CLUTCH MAG)

* FRS2! i FB52!

Set 'gate
print step
counter’

PICK 'PICK
PRINT 3TEP
CLUTCH MAG]

Fall feed
check time bose

Advance 'pick
print stepper
clutch delay
counter’

Print
count 77

Yes

tepper cluten e m}>_—

Mo

No

¢ FB521 ; F£8521

Reser ‘print Reset 'gate
clutch pick print stenper
delay counter'
L F852!
Drop 'pick
print step
clutch mag'

>

Diag
5-210

5424 Attachment FEMDM

(12769 5-213



Diagram 5-217. Print/Feed Print Timing Chart A-1 Model Machine 2/71) 5217

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9 v
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Ti { ! ! ] | 1 ! 1 ! ! | 1 ! ! ! |
A ime {ms) Modet A1 i ! ! 1 i T 1 ] | | | } % T T 1 i f T | 1
Note .

Step CB has no relationship to ‘Print Inject CB’ or
‘Print Kick CB'. ‘Print Step CB’ can occur anytime
/ prior to the first ‘Print Inject CB’ shown.

Pri /

} rint Step CB / / (
Print tnject CB R / B » 5
Print Kick CB ]

B rint Kic I ] n -] e = = B2 o 3—5
Print Inject Gate - 5

Print Mech Busy

Print Request

e,

Print Stepper Home

C  Corner Cell Dark

Corner Kick Mag

Card in Print Station

Pick Print Step Clutch Mag
Hold Print Step Clutch Mag
D
Print Side Motion Mag
Side Motion Carriage Asm \k
> Print LSR LI10 CS Request B 5 \ \
Lme1\ ‘ . _ Line 2.
Print Char Request Time | Pos 1 ;- L___J Pos 2 Pos 3 Pos 4 Pos 1
E  Print Clock 0 ! 2 | 3 | 4 | 5] Rk | 7 | 8 | 9 |
See See Diag 5-230
Difag 5225 Print Data C.S. Lines 2, 3, and 4 not shown
Print LSR Request
» CS Request



PRINT OPERATION A-1 MODEL MACHINE

2 v 3 v 4 v 5 v 6 v 7 A 4 8 v 9
A . .
Print Line Cne
Kick CB
or n. | n n n I n_ n__ r ¢ 'l
Inject CB Starting |
Sequence Note @ Note @ Note @ Note Ending
- Sequence
Counts
B Count 1 2and 3 Count 4 Count 5 Count 6 Count 7 Count 8 Count 9 Count 10 Count 22 or 28
Print Clock ! (¢ I ! L 2
1 rE; i T 1 i S 1
& (see table)
b Advance card to Pick Fire CB FireCB Fire CB Fire CB Drop and then For print line Drop
line one and then Side Motion Mag- Take Take Take Take Pick two, three, or Print Mech Busy
Pick net Side motion 512 cycle steals 512 cycle steais 512 cycie steals | 512 cycle stea's Stepper Clutch four operation | Print Mech Busy
Print Stepper Clutch carriage held up Magnet (see table) Reset 4.35 micro-
for entire print A Advance card to seconds after iast
c operation—no— next line(s) of print clock
early eject print
possible *
S * Side motion
carriage move
card to next Table
print position
Print Line Two:
b 64 groups of 8 cycle steals Count 11 same operation as count 5
Notes: Count 13 same operation as count 7
A1 Machine MPTAR Address Modifications Fire CB —J L— "Er — nf — gzs:: :g ::2: 22:::::2: :: EZE:: g

64 fire CBs pulses- 0

+4 7 times

@ % 63 times one for each group Print Line Three:
b 28 1 time of 8 cycle steals Count 17 same operation as count 5
. Count 19 same operation as count 7
4 / times z 64th time 8 cycle steals Count 20 same operation as count 8
27 1 time -27 puts MPTAR at the to option a character Count 21 same operation as count 9
starting address of the to all 8 print positions Count 22 last print clock for three lines of print
E next print position
Print Line Four:
+4 7 times z 63 times Count 23 same operat?on as count 5
-28 1 time Count 25 same operation as count 7
Count 26 same operation as count 8
P +4 7 times ) 64th time Count 27 same operation as count 9
+1 1 time Count 28 last print clock for four lines of print

+1 puts MPTAR at the
start address of the
next tine of print

Diagram 5-219. Print Operation A-1 Model Machine 3424 Attachment FEMDM (2/71) 5-219



Diagram 5-220. Print/Feed Print Timing Chart A-2 (Part 5 of 14) (2/71) 5220

2 v 3 V. 4 v 5 v 6 v 7 v 8 v 9

0 50 100 150 200 250 300 350 400 450 500 550
Time (ms) Model A2 1 | | | 1 | | | | | | |

o I [ 1 ! I [ 1 I T 1 1
Print Step CB 1 ) 5
Print Inject CB [} [ ] r [
Print Kick CB 2 1 ] | S| | 1 ] 4 ] | ] x 4 £ | | ] ] ] 1
Print Request hr - - =
Print Stepper Home #—"————3
Print Step Clutch Latch [ e iakses g T - n - o — - e e - e - - R
Pick Print Step Clutch Mag = = ) . [ =
Hold Print Step Clutch Moag [ Sriviammme o R e - - e - r o ‘e - - —r e - ; ey s ot |
Inject Gate BT
Print Mech Busy v RISV s W A ool
Corner Kich Mag it tonizy vivsose i
Print Side Motion Mag [ sy S P ST d = " g
Print LSR LIO CS Request | —f,
Side Motion Carriage Asm \ / \ /

D Line | Pos | Line | Pos 2 Line 2 Pos | Line 2 Pos 2 Line 3 Pos | Line 3 Pos 2
Print Chor Request Time Er T BT —r— [T — i . wrawraps 2 - 2 - o psee
Card in Print Station [ e it R—r
Corner Cell Dork
Lost Print Clock . ] P ]
I 2 3 4 5 [ 7 8 9 10 I ! 12 113 14 15 ley 17 18 19 | 20 } 2 22 0

Print Clock 0 { | | ! | | | | B8 ] | ] ! | ! | ] |

See See Diag 5-23C

Diag 5-225 Print Data C.S.

Print LSR

t
CS Request Reques



A Print Line One Print Line Two
Kick CB
| g or n mn ‘s in8 n n o : i T . i ¢
Inject CB Starting 27 3§ — $
nj .
Sequence Note @ Note Ending
Sequence
8 Print Clock H Count 1 Countf 2and 3 Count 4 H Count 5 i Count 6 Count 7 ] Countls 8'-—10 " Count 11 H Count 12 , Count 13 \ Count 22 or 28 1
\ H 1 T 2 J "‘ S f i ¥ 5
(see table)
Fire CB Side motion FireCB Drop and then For print
Take carriages move Take Pick line three Drop
’ 1024 cycle steals | card to line one 1024 cycle steals | Stepper Clutch or Print Mech Busy
Advance card to Pick even position Magnet Same operation | Same operation | Same operation print line
line one Side Motion Magnet a'dvance card to as count 5 as count 6 as count 7 four
Drop and then Pick side motion carriage line 2 (see table) Print Mech Busy
Print Stepper Clutch held up for entire side motion carriage reset 4.35
¢ operation—no early moves card to line 2 microseconds
eject possible odd position sfter last print
clock
’ Notes:
A2 Macine MPTAR Address Modification
Table
@ Odd Position {1, 3, 5, ... 29, 31)
D 64 groups of 16 cycle steals Print Line Three:
+2  15times . Count 17 same operation as count 5
. 63 times .
30 1time § Fire CB 1 mn n_‘ . I Count 18 same operation as count 6
64 fire CBs pulses- ——— e — ’ N ~— Count 19 same operation as count 7
+2 15 times ) Count 22 starts ending sequence (last
) 64th time one for each group int clock for three li £ print)
’ .29 1 time 20 puts MPTAR at the of 16 cycle steals print clock for three lines of prin
starting a?c!dress of next 16 cycle steals
even position to option a character

to all 16 print positions Print Line Four:
Even Position (2, 4, 6, . .. 30, 32) Count 23 same operation as count 5
£ Count 24 same operation as count 6
Count 25 same operation as count 7
Count 28 starts ending sequence (last
print clock for four lines of print)

+2 15 times

-30 1 time %63nmes

+2 15‘t|mes % 64th time
» ¥1oTtme ) puts MPTAR at the
starting address of next
odd position

Diagram $-224. Print Operation A-2 Model Machine 5424 Attachment FEMDM (2/71) 5-224



B CPU Clock

Gate Inject Gote

Print Load LSR C.S. Request

C.S. Priority Bit 4

» DBO Bits | and 4 (Honor Request) AT
Any Print 1-O Cy and Any MFCU IO Cy b e e
Print Load LSR 10 Cy RTINS IR NPT
LSR Sel 4 and LSR Sel 7 _ESrEUEET -
c Gate Address Modifv T
Data on DB 00 80 | 00
See Note |
’ Note |: If Print Buffer 2 Busy Address
Modify by 128 (80). If Print Buffer |
Busy Modify by 0 (00)

Diagram 5-225. Print/Feed Print Load LSR Cycle Steal Request (Part 6 of 14) 5424 Attachment FEMDM  (12/69) 5-225



Diagram 5-230. Print Data Cycle Steal Request Timing Chart (Part 7 of 14) ) : (12/69) 5-230

2 v 3 4 4 v 5 v 6 v 7 v 8 v 9

CPU Clock

Channel | Osc

A Print Clock 5 (Note I}

Print” Request Clock (Note 1)

Print Fire CB

Data Rank |

> Print Data CS Request

Advance Print Char Counter

Print Priority. Request

CS Priority Bit 4

DBO | and 4 (Honor Request)

“Print 10 Cycle ond Any MFCU 10 Cycle

Print Data 10 Cycle

LSR Sel 4 and LSR Sel 7

’ Modify * 2 (+ 4 Model A I)

Gate Print Chor Counter to DBl Reg

Gate Address Modify to DBl Reg : ' B - vcivorovsser- pr—— [ [ T BT
—7
P+ Char Cnt} 02 | 00 IPr Char Cnty 02 | 00 |Pr CharCnt) 02

Dato on DBI (hexadecimal values) m > T e ~ o T—rr— *‘gf Ty —
c Gate Print Compare (Note 2) e e r————————— { fr——————— e 3

Reset Shift Register _ mmrreem (

/
Load Print Sample 2 (Note 3) 5 B /1 I x
Print 10’ Cycle Counter Count 0 Count | | Count 2 | { Count |15 | Count 16 ] Count 0

> Print Modify Minus 28

/
Lost Print Data 1O Cycle (
/7
Chonnel Binory Subtract B _ . /[¥ o
Note i: Print Reouest Clock is Activated for the

following Clocks (mode! A2); 5,7,11,13,17,19,23, and 25.
In Addition to the Above Clocks, the following are
octive for a Model A l; 8,9,14,15,20,21,26, and 27.

Note 2: Gate Print Compore is Active Only if DBO
has no bits

Note 3: Print Shift Register will be set Only if DBO
has no bits



(not) DBO Bit 0 Print Buffer By Print Buffer | Busy
3 I ) FL DCA
Diog 5-010, 5-055
Sys or PCR or NPRO
1Q Bit 5 . or
B S1O Command Sample A FCl42 FCl42
Print Buffer 2 Busy

. T * Print Buffer 2 Busy
DBO Bit 0 T-7 FL

Diag 5-01C, 5-055,

} Sys or POR or NPRO Sys or POR or NPRO 5-250
4O
Prt Ld LSR 10 OR 1| ¢!
@ 4 FCl42 FCl42
Diag 3-250 l
Exe Prt 4 Line . .
IR Bit 2 : * * Execute Print 4 Lines
' DBO 2 T FL {DA>
SIO Cmd Somple L FL Diag 5-245
OR
FCl42
@ Last Print Clock Delayed FCi42
> Diog 2-065 Feed Check
Sys or POR or NPRO OR

FZ132

Diagram 5-235. Print/Feed Print Buffer 1 or 2 Busy and Print 4 Lines (Part 8 of 14) 5424 Attachment FEMDM  (12/69) 5-235



~

Diagram 5-240. Print/Feed Operation Feed Controls (Part 9 of 14) (12/69)  5-240
2 v 3 v 4 A4 5 v 6 \ 4 7 \ 4 8 v 9
@ Moto:r Ready 2 Moror Reody 2

Dioy 5-300
m Print Clocks [-10-16-22-28 | A » Hold Prt Step Clutch Mag (5424)

Diog 5-245 ‘ Step C 52! CR
Lost Pront Clock inot) Card ir P int Srarion Pre Srep Fesz! D
@ cs n oc é ot) Cad Stario Prt  lutch Pk Diag 5-055
l_ A . . ) =

A Dioy 5-245 Fe

P— « Pick Prt Step Ciutch Mag (5424)
[AAK Execute Print Prirt Req Pri~1 Reauest A Last Print Clock FL A
— A T POR or NPRO OR POR or NPRO

FL
; FB52!
Diag 5-080 @ PYeY ___p |OR OR |

“Punch S - 27 . NPRC.
Munc tep Coun I OR POR o Cx S inh Prr FBs2t
Diag 2-170 Clocks 1=10~i4-22+2¢ Ct Hig

. F50! P
[D:F> Pict Clock 3 Pt Step Hom o Gt Prt
Print S-eppe’ Home FL St Cnt
Dicg 2-245 Print Step CB : 1A FL POR or NPRC ep Cn (gote prt step cntj 9
nE (not) Execure Punch . a MFCU Clock C 1A L
7
POR o NPRO ¥ FBS2f T —
Diog >-030 {nott MFCU SIO IR Cycle Piint Coiner Kick IOR -

l) A FBS50! Pick Print POR_or NPRO iOR

Print Stepoer MFCU Clock A 4
B Diog 5- 080 i’ Stepoer L. Counter A BW
DCD Motor Ready 2 Feed Ck lime Hote 5 Detay Decode {print stepper cnt 9)

i tody " Coun"e' Dicg 5-125
Diog Corner Cell Lite %fo,e Po- Seec Cor N ‘ Diog N
5-300 - | l : 1 )
3 4-103 y (adv }

£
tnot) Cord in Pu..ch Path 4FFs A

FB52!

(not) Degate Geor Emit Decode

—_] Print Side Motion Mag
Diag 5-170 . A Diag Side |bit l
iag MFCU Clock B 4-10% NMotion | (bit 2) A int Si i
? 5% Condition Gear Emit *_. B Feed - POR or NPRO C';J:’; it 3 A FL Print Side Motion Mag (5424)
3 ice —_————
A Check . 3 FFs ¢ X
Dioy 5-125 (noti Feed Check Time Motion Gt Diog POR or NPRO OR

e Pint Clock 4 Bose Peint Clock 4 FL A (reset ORE 4. 085 8502

7

%

Counrer .
Diag »-245 POR o NPRO . Print Inject CB .

Motor Ready 2 tadv Feed Ck Time Bose 2 — OR

Ok

o FF's

! (not) Print Mech Busy
' FB362 r—
iag >-39U G

o

Corner Kick Delay

Feed Ck Time Bose 4
P
Diag A N todvi;, B Corner =
4-100 Motor Ready 2 Kick (bit 2) . Diag 5-055
A N Counter A L Corner Kick Delay B Corner Kick Mag (5424)
Print Req bit 4) AR
. ) 3 FFs
T 1
P {E}L Dicg FB53] Teaon
4- 070
OR Corner Kick Corner Kick Count & dar Corner Alignment Mog (5424)
ﬂ Print Clock 3 . Inn Non-Prt Corner Kizk N
F OR ! ’— = 1 . .
‘._/ ]ﬁ {not; CD in Prt Stat A | Fusil FEZi Print Mech Busy
Diag >-245 FL — Corne: Cell Dark *
D POR or NPRO - __J Fs301 T Diog 5-245, 5-255
(rot) Stacker Cnt | joﬂ \ a Print Time Switch @
inot) Print Inject CB P30, N . &— brt Mech Be Diag 5-060, 5-265
@Deqo?e Priat Clock Decode 3 N Prt Corner Kick  pint Corner Kicx '___;z Frint Mech Busy
- ) A L (not) Fire CB Check 2 A
Diog 5-245 Motor Ready 2
e i ~
FEI €D in prr Stor POR or NPRO [co>— - Cd in
b POR or NPRO OR Dieg 5-300 FB3ll Corner Kick Count 6 Prt Stat
| > Last Print Clock Corner Cell Lite 1A
, FBsil oL FL Card in Print Station l
L" Diag 5-245 R POR or NPRO : (4]
Last Print Clock Delayed ] " Execute Print P
tm [ Ad Stacker Cnt | » OR
Diog 2-065 tag 5- FB51 - - FBS!H
o8 “ Prt Inject Gt 1 Inj Gt to C3 Diag 3- 080
> *
E é Print Stepper Home A Gete Inject Gote {__ FL FL L
Print inject C3 >
Condition Print Clock Advance POR or NPRO POR or NPRO * Print Allow Punch Execute
@ ‘!'a OR \G (not) Print Request OR }DR >
Dicg 5-245 : A ) R Dicg 5-060, 5-170
EDF: Print Clock 3 FB5H FBSH : Gote Inject Gote DDN
iag 5-2

Diog 5-245 Di 50



Print Kick CB

Print Inject C8

Oor

{print CB)

MFCU Clock D

L
/s

Degote

Prt Clk _ (not degate print clock decode)

A 4 9

De .are Pri~t Cl.ock Decode

DB

Condition Print Clock Advance

Diag 5-24C

B

8 Hommer

MFCU Clock A *

ool T

,| Degate Print Clock Decode

F8562

*Condiﬁor\ Print Clock Advance

9

Condition Print Clock Advance

Inh Gt
Decode

MFCU Clock € =+ |

{not print CB)

e

MFCU Clock C

]A

FL

Advance Low Print Clock

P

Low Print Clock

FB562 r

@ Frint Mech Busy

Diog 5-240

Degate Print Clock Decode

[n}r

3 FFs

Diag 4-055

Reset Low Print Clock

Er* T o

—

MECU Clock B

Advance High Print Clock

High Frint Clock

3 FFs

B__.e

Diag 4-055

Reset High Print Clock

Print
Clock
Decode

Diag
4-060

Diag 5-240
5-255

Print Request Clock

Print Clocks 4 +10 +16 +22 + 28

0
J

Print Clocks

o>

Diag 5-255

<10 +16 +22 +28
DE

)

Diag 5-240
Print Clock 2

@

Diag 5-240

Q

Print Ciock 4

Print Clock 25

4th

Line Prt

&)

Diag 5-240

{4th line of printing)

(not) Print Mech Busy

FL

Prt Load LSR IO

Prt

g

Diag 5-260

Allow fd Gt

POR or NPRO .
Print Clock 15 3

OR

FL

Print Allow Feed Gate

D>

Diag 5-170

Prt 4 Lines
Print 4 Lines

Execute Print 4 Lines —‘_—*! A r DK
i FL Diag 2-045
Stacker Cnt | to Print . 2-065
D POR or NPRO 1R
FB612 I
Gt Prt
Print Clocks 4 +10 + 16 +22 +28 Gk Hi r—
FL Print Clock 22 or 28 A
> Condition Print Clock Advonce N oR Last Print Clock HemN
vy Print Clock 28 R0
Diag 5-240
FB51Z
@ {not) Print Mech Busy
Diag 5-24C
E Prt Load LSR IO
IDM >
Diag 5-25C
|DA> Execute Frint 4 Lines
Diag 5-235
Diagram 5-245. Print/Feed Print Clock and Controls (Part 10 of 14) 5424 Attachment FEMDM (7/70) 5.2
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Diagram 5-250. Print/Feed Print Load Cycle Steal Reguest Controls (Part 11 of 14)

(2/71)  5-250

CPU FEMD 4-100

4AZ >
Dicg 5- 080

}DM >
Diag 5-235, 5-245

CPU FEMD %-100

CPU FEMD 4-100

D MFECU SiO 1R Cuie
L
Diac 2-080 . Degare LSR Ld CS Req
[D Erecute Print
- (not) Blk CS Request
Diag >- 030
I_\ Puren Req PR 1 oeor 2 «
BY 1 Print LSR Load CS Request . (’ . CS Priority Bit 4 (CPL
fam 517 FB222 A < . .. OR 170 |
Dieg 5-i70 Print Priority Req
— oty bik © 5. Request T CR ralro =
8L . Clock «
D‘L/' 9 9 = F8662 FCa02 Py MU OO
o9 3- .
m Gare nject Gate vLS!( La CS Req
IN D Prt Ld LSR 1O
Diog 5-240 —LA_ FL ’
Sys or POR or NPRO
" ICR Set Any MFCU 10 Cy
FB622 ] [
Any MFCU
10 C
— Ok Y . Any MFCU IO Cy . sk sel
el 7 (CPU)
Print LSR Leaa 1O Cycle A FL T Clock 4 A OR ;!,'O 1>
Pt La LSR 1O I Inhibit 6 ock »
. N . ! Py C
tnot) Clock & LA ? . C.S. Reg Clock & € - Clock 0T~ 7+ ] X
FCai2 (4] FL FCal2
! Sys or POR or NPRO FC422
5o Print Char Rea Time or cs Set Any Print 10 Cy
U Request
Diag 5-255 Feo22 Granted L__[—I
m fast DBO 4 R / Any Prt
L——( Clock 8 Set Any Print 1O Cv 10 Cy Any Print 1O Cy
Diog 5-265 o oo A o A |or | LR sel 4 (CPU) o
ast | Clock 4 >
EE ) ———
Diog 5-26% Cieck 8 C A
b —— fock O
FC412 Cloc |
Pet Ld FC422
*
; 7
Print LSR A LSRIO  pint LSR Load 10 Cycle
e Load CS Request * A FL @
Clock 8 C o
FC412
. Any MFCU 1O Cy .
) ' . e (gote address medify)
Clock 2 Clk 2 Thiy 3 Clock 2 Thry 3 S A
SD3C A - - D8} Bit 0
—*—L FL FB632 OR
FB632 [sL:1]
) DBl (CPU)
Clock 4 Assembler
FC302
"Z- Print Bufter 2 bBusy . Dia
=T & A L Modify Pri LSR 8, I28 Clock | Cor 3 Cor 5 030
icg 5-235 Prt Ld LSR 10 4
FCl42



Lead Print Data Rank |

Load Print Data Ronk | l

B>

Diog 5-265
fnot) Blk CS Req

Sys or  POR or NPRO (last prt char pos)
{reset-cn DDT
Print Mech Bus [_] OR 9 i
@ int M y N * Diag 5-260
L_j Set Any MFCU 1O Cy
Diog 5-240 Last Print C"‘cr Pasision st Prt Char Pos or | Chan LSR Sel Bit 7 @
' Any MFCU 1O Cy -
FF A OR ) « Any MECUIOCy l CPU FEMD 4-100
- A
r L OR ( ——L FL Clock 4 . A
F5502 e | i Clock 8 €
2 Any MFCU 10 Cy
| [— FB602 FCai2 @
Diag 5-030
! 5-260
N . cs .
8 Hammer (jumper & I N | Request /_a
L—I Granted Set Any Prt 1O Cy
Fost DBO | « Chan LSR Se! Bit 4
e > 1 Fast DBC | OR o>
Diag 5-265 Clock 8 L CAny PrriOCy  an bt 10 Cy l’“ CPU FEMD 4-1G0
Fasi DBO 4 - A
s ] A
= Fast DBO 4 T — w Clock 4 4|
Diag 5-265 Clock & C Print Char Req Time D
ouU
ECal2 Diag 5-250
Print Data 1O Cy D
DW
A Diag 5-260
o) Print Request Clock . Pt Char R M . ot Data 10 C 5-265
, A § S" "9 print Char Req Time . :" CS' A _r.'. o ﬂy Print Data 10 Cy
Dicg 5-245 Set Print CS Request eques Print CS Request — 4
FL I * -> Req * ) l A FL [ T oR |*__ Chan Translate In o
Sys or POR or NPRO | FL CPU FEMD 4-100
(64th char cy) ||0Ri Sys or POR or NPRO ] Clock 8 C I @ FC4i2
F8602 . © FCal2 - ‘/!
Last Prt Data 1O Cy Fps22 )
Inhibit Reg
MFCU Clock A Chan Binary Subt
FL Clk 2 Thru 3 M 4 D,
‘\| Clock 2 B N Clock 2 Thru 3 » A VoI
D Conditicn Print Clock Advance SDBO | A FL P, CPU FEMD 4-100
DC = Print 0 N
Diag 5-245 FBo02 CS Req . 64th Chor Cycl Clock 4 Print Priority Request
b Counter (bit 64) ) Y (64th char cy) %DX >
Print Deta 1O Cy o A FC302 Diag 5-260
7 FFs % « . Print Priority Request .
. R Clock 2 - Chan CS Priority Bit 4 -
r—-‘N (reset) Elggs . | o " A /O IF,
- ! CPU FEMD 4-100
L F8602 78622 FC402

64th Char Cy

{not) 8lk CS Regqg

IBQ >
Diag 5-i90

Diagram 5-255. Print/Feed Cycle Steal Channel Controls 1 (Part 12 of 14)

Set Any Pt 1O Cyv *
Ciock 8 C

,@ Print CS Reques! *

A
T

(reset)

8 Hammer (jumper)

Print
1O
Cycle ibit 8)
Counter
S5FFs (bit 16)
Diag 4-0350

—0

OR X

>

Diog 5-260

Last Prt Data 1O Cy

| | FC33z

5424 Attachment FEMDM

>

Diag 5-260

Q/71)  5-255



Diagram 5-260. Print/Feed Cycle Steal Channel Controls 2 (Part 13 ok‘ 14)

(7/70)  5-260

@ (not 4th Line of Printing)

Diag 5-71"

2 v 3 v 4 v 5 v 6 v
B )
Print  jmed
Char A —
Cntr e ! -
| .
int Dot k | | ] 8
A @ Load Print Doto Ronl N p 86 Frs - I
: L 4 —
Diog 5-265 {
—
N Diag 2 !
4- 080 1 L
1
Degate Prt Dec Print Chor Count 0
’ Print
FL Character Print Chor Count |
. . Counter
@ Reset Print Shift Reg » Decode Print Char Count 63
Diog 5-265 FBo22 Diog 4- 080
@ Any MFCU 1-O Cy
B Diag 5-255 . 1
Clock 2 L SRZThiu3 ok 2 Thio 3 R ]
TTe) A (gate address modify)
. B A
FL L
Clock 4
> @ Print Dote 1-O Cy FC302 *
A (gote prt char entr)
Diog 5-255 Clock 0 CkOThu | Clock 0 Thru | .
sD A
FL
Clock 2 ‘
c FC302
8 Hommer (jumper) m (l6 hommer)
OR Modify Bits 3 and 4
[Qé/xmm Priority Refquesf * .
. A
Diag 5-255 * —l A N
W Print Dota |-O Cy OR Modify By 4 o
- OR (modify bit 5)
D Diog 5-255 A
FB602
Iil Minus 28 or 30
A
* A
oR Modify By 2 OR (modify bit 6)
A
’ . (64th _char cy) ¢
Diag 5-255 A
Minus 27 or 29
A
- A F2502
@Lus' Prt Dot 1-O Cy *
E Diag 5-255
oR (modify bit 7)
3 Modify by +
D (last prt char pos) A ity by
Diag 5-255
FB40Z

8 v 9
or L DBl Bit 2 DBI
Assembler
or L+ D8I Bit 3
or L= DBI Bit 4
DBI (CPU)
n———
OR L DBl Bit 5
or = DBI Bit &
L Diag
OR |2 DBl Bit 7 4-020
FB632
Clock 1 Cor3Cor 5
Print Char Count 0 EA
Diag 5-265



2 v 3 v 4 v 5 v 6 v 7 v 8 v 9
@ (not) Print Char Count 0
Diag 3-260 Print Ti Switch
Print Data 1O Cy rint Time Switc . . .
@ Load Print Samole A Print Hwer Moge' Dr 15424=
Diog 5-255 Clock 6 A . | 8/16
A @ Print Time Switcn FC302 FE3N
Diag 5-240 Fast DBO |
f —_— {EB >
Diag 5-250, 5-255
Fast DBO 4
BK
" Diag 5-250, 5-255
. - '
oso |0 o—ng Pin Set) » Print
(Set: . Shift Data
Register | | Reagiste: Register
. |
2
| Gated Print C Prt Snift Reg Bits Bank 1) |(Bork 2) {*  Print- Data Reg Bits
D8O (CPU) ) A [|r.Gated Print Compare 816 FL \
B 8 FL 2 | ok | Anyoso s [] - ' 816 FL's 8/16 FL s
: 4 L_J 8622 Diag |
. 8o 4-065 Diog
4-067 4~ 070
5 N (Reset },, 1
. e ELENE ) 44072
Clock 5 (Reset) Diog . |
] .
. 4-10 - {Reset) | = FD302 FD312 *T Reser) '
’ 4 £D352 FD362 Lood Print Data Rank 1 DED
Diag 5-255, 5-260
Channel | Oscillator (CPU) Reset Print Data Shift-Reg rE—
X POR or NPRO - '_F_)
Print Dato ~_ Ctr g or Reset Print Data Shift Reg Diag 5-260
s nLAY FF onl2] FF VL] N
Print Fire CB (5424) . —N — N ~ Ln
A INI ] A
l__f‘ || ) FBIS2 FBIS2
Allow
_— N . Shft Reg
| 2 . A
FL
Load Print Data Rank |
i [
LJ FBISZ -
I toad MFCU Clock C
Print Ltoad Data Rank 2
D Gate Ld Prt 2 Dﬂ':“? (inh cntr advance) A
FL A rN—l p—g Rank 2 TBI2
u Counter
POR or NPRO 4 FFs .
(inh cntr advance) (o] Diag MFCU Clock A A
192 4-075 MFCU Clock D . |
POR or NPRO o FB192
’ (reset)
OR
(10.24) (20.48) (40.96) (81.92) (163.84) ‘600 1200 1800
c _ ozr?ls?mfolmmﬁmlﬂzooo
FF FF FF FF FF Time (uvs.) ___ Y : 1
MFCU Clock 8 .p I b | b | b m (164 u sec) _ ) ; ) ; - )
"—'—'ll" ’ L] Print Load Data Rank | ] 1 | I
752 FBIs2 FBIS2 FBISZ FBIS2 Load Deta Rank 2 (Reset) | i K |
Diagram 5-265. Print/Feed Cycle Steal 5424 Controls (Part 14 of 14) - 5424 Attachment FEMDM  (12/69) .S5-265



START

Move card
from Wait
Station to
Corner Station

Press Stop Key

Hopper
1 or 2 ready

Reset 'hopper 1
ready’ and
‘hopper 2ready'
latches

[

Press NPRO Key

Is
'motor ready 2'
latch set

Any
cell lites
dark

Remove Jam

Hopper
1 or 2 empty

Set 'execute
NPRO timed'
latch

Start MFCU

motor

l

Enerqyize Stacker
magnet 1

l

Empty one or
both hoppers

Hopper 1

Reset ' NPRO
Select' latch

Energize Punch
registration
Pressureroll 1

hoppers are

Which
empty

Hopper 2

Energize Punch
registration
Pressureroil 2

NPRO
Key Pressed
first time

Yes

Reset 'NPRO
Select' latch

Energize Punch
registration
Pressureroll 1

]

{odd number of times)

No (even number of times)

Set 'NPRO
Select' latch

Energize Punch
Registration
Pressureroll 2

Reset 'card in
wait 1' latch

Reset 'card in
wait 2' latch

i

Move card from
Corner Station,
through Print
Station, and
to Stacker
Pocket .1

Reset '"NPRO

SS' latch

Diagram 5-275. NPRO Operation Flowchart (Part 1 of 3)

T
|
|
]
1
i
|
[
i

1. Reset MFCU
attachment
circuits.

2. Reset is active

from MFCU
Clock A' to
'MFCU Clock C

Print/Feed
operation

flow chart
Diagram 5-200

. Enter at
connector 2
and follow
Feed and no
Print Path.

. The Punch
eject pressure
roll magnets
and the Print
Stepper Clutch
magnets were
de-energized
during NPRO

reset.

T

: Card moves from

| selected wait

| station to
corner station

Stop M
motor

FCU

7 9

NON-PROCESS-RUNOUT (NPRO) OPERATION

Clears cards from the MFCU transport and sends
cards to stacker pocket one.

Resets feed check indicators.

Both card feed paths must be not ready and one
or both hoppers must be empty.

The NPRO key must be pressed two times to clear
both card feed paths.

Cards must be manually removed from all card
lever cells.

NPRO
key released

‘Time
delay bit 8'
Set

Reset 'execute
NPRO time"'
latch

De-energize
stacker magnet

1

Stop MFCU

motor

END OF
OPERATION

5424 Attachment FEMDM

2/7H 5-275



Diagram 5-280. Start NPRO Operation (Part 2 of 3)

(12/69) 5-280

2 v 3 v 4 v 5 v 6 v 8 v 9
Note 1:
'Inhibit NPRO' is set 3 P
j by 'any cell lites Dark’
O—INPRO Key (5424) .
(not) Inhibit NPRO Note | =* Start NPRO Start NPRO (resets)
D (not) Motor Ready 2 * A
A Diag 5-300 OR Execute NPRO Timed
Q- FB582 {e >
Diag 5-180
. IFH > Hopper | or 2 Ready 5-285
L, 5-290
Diag 5-290 3 N Execute 5-29
top Key 4 OR 1N NPRO Time 5
Operator Intervention Required [ « A MFCU Clock A A
rg, @ oR MCU Cock A 1A fL P NPRO S
Diag 2-005 Hopper | Empty Switch (5424) . B OR
g P
FL
Hopper 2 Empty Switch (5424) r FB582
FB8582 5 NPRO (resets)
FB582

’ é NPRO Key

B
Time Delay Bit 8 A
3 . Tor
Diag 5-300
POR |
T__*_
| 2 MFCU Clock C .| OR
Allow NPRO Pch Reg P.R.
[
Diag 5-300
NPRO
c
POR «
@ Hopper | or 2 Ready . OR NPRO
Diag 5-290 I— X Select
b (not) Hopper 2 Empty Switch (5424) * OR }b———pd °©
FL
Hopper | Empty Switch (5424) - * A
| * OR p ]
Hopper 2 Empty Switch (5424) A ,_ FB582
PP! Pty [ +] oR
D FB582 | N|l

Hopper 2 Empty Switch (5424)

NPRO |
— A Lt PR o
|N| Diag 5-290
FB582
NPRO 2
. -
14 {re>
Diag 5-290
FB582

Hopper 1 Empty Switch

Hopper 2 Empty Switch Result after 'NPRO’ P shift

Off (hopper full)
Off (hopper full)
On (hopper empty)

On (hopper empty)

Off (hopper full) NPRO operation cannot be executed.
‘NPRO select' latch remains set to select
card feed path 2 (secondary).

Reset 'NPRO select' latch to select

cord feed poth 1 (primary).

Reset ' NPRO select' latch to select
card feed path 1 (primary).

Pressing the NPRO key results in setting
the 'NPRO select’ lotch to select card
feed path 2.

Each time the NPRO key is pressed, the
'NPRO select' latch changes status to select
the alternate card feed path.

On (hopper empty)
Off (hopper full)

On (hopper empty)




Diagram 5-290. NPRO Card Feed Controls and Hopper Controls (Part 3 of 3)

2 3 \*4 4 5 7 6 7 7 7 9
Moror Ready 2
CD Dm
Diag 5-300 <
un
NPRO | Out | NR Start Ke, (5424) *
IFF > ! ’ A
A Diog 5-280 FL Inhibit NPRO |Nl * A hd Reset Hopper Check
@ Card in Wait | L FB212 l
A m Motor Ready 2 I I F8212
Diag 5-120 R — N
FB33! U
POR FB33I
NPRO % |ND|
5 Run OR |*—_Require Run Out I NI
NPRO 2 , Out 2 NR L
@ 1 FB33!
FL
Diag 5-280
Feed Check *
AN Card in Wait 2 A m )
FB33!
B Diag 5-120 FB33I
C Open Lit
overs pen Lite * A Gated Start Key
Io?emm;' Reauired Stacker Full Latch | I N
IFK > nlervention Fequire Operator _Intervention Required OR
- Hopper Check or Feed Check * FB212
Diag 2-005 POR _or NPRO * =4
M Stop Key *
Hopper |
FB212 | ' Ready Hopper | Read
Execute NPRO Timed | I N - A ai 4 CF
[ > ™ L Ft Diag 5-025
iag 5-
Diog 5-280 5-075
OR
. FB2i2
c OR Hopper | or 2 Ready @
Diag 5-055, 5-280, 5-295
Hopper | Empty Switch (5424)
Hopper 2
Ready H 2 Read
(o] r ol
] al I EE— o
p ] Diag 5-025
5-075
Hopper 2 Empty Switch (5424) OR
FB212
(5424)
NPRO 2 *
OR NPRO 2 or Punch Reg PR 2
NPRO 2 or Punch Reg P R 2 D
Fraal r Punch Reg <1
b Diag 5-120
NPRO | *
NPRO 1 or Punch Reg PR 1
OR NPRO 1 or Punch Reg P R | T @
? Diag 5-120
E FB34! (5424)

5424 Attachment FEMDM 71 3290



Diagram 5-295. Motor Controls (Part 1 of 3) (12/69) 5-295

2 A 3 v 4 v 5 A% 6 v 7 A 8 v 9

t” DMrucfion

Diag 5-080 P— = - ’?
. Reed Relzy
@ Accept Command Lotch SIO_Instruction * Motor On |
*
Diag 5-075 Accept Command Latch A or ‘ A or b |
B . Hopper | or 2 Ready FL | ‘ I
Hopper 1 or 2 Ready J 1 I
[ FB202 l |
Diag 5-290 L 5324
Executive Feed . | N I(nof) Feed Cycle or Execuie Feed . A -
AD -
E:} Diag 5-080 tnot) Hopper Check . A l F B 202 *{ OR Motor Magnet Driver @
5-320 *
Feed Cycle | R - Diog 5-300
FB242 FB202

Gate Stop
[F~>

Dicg 5-285

D W No Command Time Out

Diag 5-300

Feed Ck or Gear Emit Ck
|GE >

Diag 2-005

Covers Open Lite

Execute NPRO Timed

[e>
Diog 5-280



s Hopper CB Leading Edge

A Diag 5-120
@ Punch Registration Pressure Roll | or 2 SS

Hopper CB Leading Edge

Diag MFCU Clock 8 l *
5-170
MFCU Clock A I . A *
. L—-—- Motor
MFCU Clock C 1 o OR p ] bit 1) . Wait to Stacker Clear A —.——P— .
> MFCU Clock D * Up-Down Bit 2) A P
A Counter Gate St
TEi57 Counter op N
F3182 2FFs FBl82 3 FEs Diag 5-295
Execute NPRO Timed . (reset) « Diag
- POR orR |l (rese) R 4o
Diog 5-280 F8572
B FBI82 FBI82
or Stacker Magnet | (5424)
?___.‘
FB712
> MFCU Clock C
MFCU Clock B
Go Inhibit Gate
R Stacker Count 2| * Do:«en Count ) N X Down Coun: Inhibit Down Count T.P.
C Diag 4-135 A e 4]
i -
9 — LAY ] FF
FBI82 N Nor .
N FBi82
FBI82
} Reset Stacker Counter
FQ
Diag 4-135

Diagram 5-297. Motor Controls (Part 2 of 3)
5424 Attachment FEMDM  (7/70)  5-297



Diagram 5-300. Motor Time Out Start/Stop Controls (Part 3 of 3)

2 A 3 X 4 \ 5 \ o 6 g 7 4 8 v 9

(12/69) 5-300

A
Motor
Recdy | .
. Motor Ready |
[f’” (not) Print Kick CB . ECC>
A (adv) Diag 5-170
@ Condition Print Clock Advonce - EEEE—— Nine ! 5-180
Stage 2 '___ 5-190
Diag 5-245 Time — FB252 5-405
Delay I
4
Counter | = | T
*
B 8 | = -
16
Alt NPRO Pch Reg P.R.
@ Execute Feed 32 N o < teg @
Diag 5-080 | » 64 Diag 5-280
f
ﬁ Motor Ready 2 Diag 128
MFCU Clock B N A 4-115
(reset) 1
l OR 256 | b——————
A FB252
€T Motor Magnet Driver I I
D L
Diog 5-295 F8252 —
Motor
c Ready 2 1 Motor Ready 2 @
1Af fL - =
Diag 5-120
[ 5-170
*1 |OR 5-180
5-240
FB252
5-280
, Time Delay Bit &
>
Diag 5-280
POR or NPRO
| £2
No Command Time Cut [T,
MFCU Clock A . A Ew
Giog 5-295
FB252



v

Diagram 5-315. IPL Operation Flowchart (Part 1 of 3)

( START }

1. Activate |PL
circuits

2. Start MFCU
motor

SIO
IPL Read
Operation

No (IPL operation)

See SIO
Operation
Diagrams
5-065, 5-070
5-075, and
5-080

Set 'execute
1PL’ latch
during SIO

instruction

Press CPU
Program Load
Key

CPU generates
system reset and
sends a bit 7 to
DBO register in
attachment

Select
MRDAR

Set 'IPL
command
stored’ latch

Set I-Q
bit 7

Set 'execute
read, 'execute

Primary,
‘execute IPL,'
and execute
feed latches

ol

: Attachment

| sends 'channel
ILSRselect bit
:6' and 'channel
ILSR select

!bit 7' to CPU
-

Perform

IPL read
operation

No
Start MFCU Turn on CPU
motor 1-O Attention
light
_______ —
Perform | IPL read operation
reod/feed tis the same as
operation ) the read/feed
Diagrams | operation except
5-085 and I thot tier three
5-086 {8 and 4 bits are
| ORed with tier
| One D and C
| bits; tier three
N 2 and ! bits
are ORed with
t tier two D and
Send ‘channel | C bits.
1 I/O condition
B' to CPU

]

END OF
OPERATION

INITIAL PROGRAM LOAD (IPL)

® An IPL operation causes one card to be read into core
storage.

® An IPL operation is started by pressing the CPU program
load key or by executing an IPL SIO read instruction.
Bit 1 of the SIO control code must equal 1 on an IPL SIO
instruction.

® An SIO IPL can select either hopper.
o The program load key selects only the primary hopper .

® The IPL operation performs a read operation with the 8
and 4 bits in tier 3 becoming the D and C bits for tier 1;
and the 2 and 1 bits of tier 3 becoming the D and C bits
for tier 2. Tier 3 data stored in storage is usually mean-
ingless.

5424 Attachment FEMDM

5-315



Diagram 5-320. IPL Operation (Part 2 of 3) /1) 5-320

2 v 3 v : v 5 v 6 v 7 v 8 v 9

MFCU IPL Command

l EU > ’ Execute IPL . ;
AL
Diog 5-325 OR ~ Execure MFCU IPL
A FL
51O Command Somple
GE < a—_
Gate Reod Data Byte | Nov1e| ’ FCi42 Gore Reod Deto Byte 1
n " A
Gate Read Data Byte 2@ Note | F((seord liafadkggrtsfe;i Tuzer 3 oR
ote_Read Data Byte
g’ Read Data Register 2 Tier 3 A
Read or Punch Check Bit D
FD232
Note 1: See diagram 5-130 for Reod A
'Gote Read Data Byte 1 Data A Data
and G‘o?? Read Dato Register - Bus
Byte 2* Signal Generation. Clock 0 thru | ] In
L A
Assembler
B . Read or Punch Check Bit C A )y .
. DBI (CPU
a—‘—‘— | \_(—)
— A I
Read Dato Register 4 Tier 3 oR |
DBO (CPU) DBO Register I
& 0 Diog Read Datc Register | Tier 3 A _ "'_I__ - Diag
5-125 il i 4-020
(set) | l FDI32 | A
. @
2 Execute Primary
| A
3 I-Q Register
(set DBO 4) FLo ] t FL Strobe PH
C 4 i || || N ||
FL Execute Primary
Clock 5 (CPU) (reset) 5 5 FCl42 {AF >
Diag 6 biog 6 Diag 5-120
(set DBO 7) 4-010 17 ] I Execute Reod Ececute Rood
7| ] Al oo 7|} 1A AC
kb FCl02 FCI22 FL Diag 5-130
1-Q Clock 5C (CPU)
OR FCI22
FCl22
D See Diag 5-080
OR A SIO Command Somple ‘/\@
EU> MFCU IPL Command FC222
b Diag 5-325 Clock 6C (CPU)
IFX> (not) IPL Hopper not Ready *
(not) System or POR * + Execute Feed
Diog 5-325 A AD
Diag 5-120
5-295

Execute Feed
*

E G‘/ SO Command Sample

Hopper Check and Not Motor Ready 2
Trailing Edge

Feed Check * ] or
{not) Command Stored

System or POR or NPRO *

FL

FCi32

>]




(not) Device Error

End Feed Cycle Clock A

IGG>
E Diag 5-120

Diagram 5-325. Program Load Key IPL Operation (Part 3 of 3)

> Data Bus Out 7 (CPU) .
+ MFCU IPL Command MFCU IPL Command
System or POR (Reset) - A {EU >
FCio2 Diag 5-320
( . OR Channel LSR Select Bit 6 X
CPU FEMD 4-100
FC422
Cnonnel LSR Select Bit 7
OR {x/O (2
c CPU FEMD 4- 100
FC42Z
IPL
Commane: Stored
*
? Ciock 5 (CPU) A FL
1-Q Clock 2 (not) Hopper | Reody -
OR A IPL Hopper not Ready :FX
FCI32 Diag 5-320
FC212
System or POR N or b CPU IC Atiention
A [
D Clock 2 (CPU) i a—
FCi3z IPL Command Stored . Fcz:2 CPU FEMD 4-100
B
A s
Channel | 1-O Condition B
& (not) Hopper Check or Feed Check FC222 v N CPU FEMD 4- 160
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START

v

Diagram 5-330. Diagnostic Read/Feed Operation Flowchart (Part 1 of 9)

3

Stort 1O
Diagram

5-065

Pick hopper
magnet ond
feed card

T

| Execute feed

{ latch and

| execute read

! latch were set
1 during IR cycle
Lof SIO

FB222

Card
in the specified
woit

Set 'gote
hopper'
lotch

FB232
Bring up lines
'Feed gate 1'
'Feed gate 3'
'Set hopper'

Hopper CB

Set 'hopper 1
or 2' latch
with hopper
CB leading
edge

Execute primary

Pick hopper Pick hopper

magnet | magnet 2

l

1. Set read
data controls
2. Set read
data register
ond read
check register
from photo
cell lights

A

Diag 5-335

Fall
of hopper CB

No

(12/69)

9

Set 'feed
cycle' latch

Turn on ‘pri'
or 'sec’ ind.
to indicate
last feed used

All cells dork

Set 'leading
edge' latch

FB321]

Start gear
emitter
counter

Gear count 46

Set 'start
read’ latch

3
FB321 l FB8301 FB301 _
Reset gear Reset ‘Tecding Set 'inhibit - TThis prevents
emitter edge' latch leading edge' blank cols
counter latch from setting
l  leading edge’
| S

)

Diag 5-335

Note: For start read timing charts, see diagrams
5-095 ond 5-105. For start read second level
diagrams, see diograms 5-120 ond 5-125.

5-330
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Diag 5-330 Diag 5-330

&

> Yo o

Set 'allow
read' latch

FB321
Start gear
B emitter
counter,

. Lcounter |

No

v I 4

Diag 5-345
K

| FB301

Set 'gate read
somple’ with
gear emitter

counts 1, 3,
> 57,9, and
11

emitter counter bit

Set read data
reg. latches
if
corresponding

photo cell
» is lit

FD102
Set read check
reg latches

if
corresponding
photo cell

is 1it

[

Gear CMNO

Is

this a read
> cmd

Yes

Gear count 512

Q)/' Diag 5-345

Diagram 5-335. Diagnostic Read/Feed Operation Flowchart (Part 2 of 9)

Note 1: Geor emitter counts 3 and 7 and
11 are used to set the read check register-
only one of these will set the register.
Counts 1 and 5 and 9 are used to set the
read data register-only one of these will
set the register.

Read cycle
steal - trans-
fer 6 bytes of
data

D

Diag 5-340

] FB311

Set 'read
cycle steal
request’

FC402

Set 'read
priority req'
latch

Diag 5-345

FC402
Activate 'CS
bit 4' line

to CPU

CcPU
respond DBO 0
and 4

Yes

FC412

Set 'read 10
cycle' and
'any MFCU
10 cycle'

No

Send ‘chan
translate in'

to CPU

Activate 'LSR
sel 6' and
'LSR sel 7*
to CPU

Activate 'block
SOR to B' and
*channet store
data’

E

Diog 5-340

5424 Attachment FEMDM  (12/69) 5-335



Diagram 5-340. Diagnostic Read/Feed Operation Flowchart (Part 3 of 9)

2

Diag 5-330
D
A
B>
B
B
c
P
D
}
F
Diog 5-335

\ 4

No (1st diagnostic 1-O cycle)

Rd-
Punch-Pch
Ck Count
bit 1

Gate read datu
byte 1to DBI

Read
Punch-Pch
Ck Count
2

Activate
‘modify by
128'

|

Gate read data
byte 2 to DB!

Diag 5-335
Rd-
(2nd diagnostic I-O cycle) Yes Pch-Pch
Ck Counter
Read bit 1
ead-
Punch-Pch
Ck Count
1
Read-
Punch-Pch Last m————— T
Z‘k Count cycle latch 1 Subtract 191
Y ! (BF hex) from
2 | !
_______ 1 LLSR
FC342 —_——
Gate read check Gate read chack Gote read check ~ [ Subtract 96
doto byte 1 to data byte 2 to data byte 3 to I | (60 hex) from
DBl DB! DBl : LLSR
|
Compare read Compare read Compare read Activate 'modify :AC“‘{O'E o Add 128 !
data byte 1 to data byte 2 to data byte 3 to minus) ‘modify I’"°dff>'m'””5,' (80 hex) to
read check read check read check by 128 'modify mov.:nfy *?)’ 32, LLSR
byte 1 byte 2 byte 3 by 314 and end modify
L I 'modify by 32" by 64
] L
Activate 'gate
address modify'

Compare read
data byte 1
to read check
byte 1

I

Compare read
data byte 2
to read check
byte 2

(12/69)
9

FC342

Gate read data
byte 3 to DBI

[

Compare read
data byte 3
to read check

byte 3

] |

Activate 'LSR
Sel 6' and
'LSR Sei 7'
to CPU

Last
cycle latch

Activate 'CS

bit 4' line

to CPU

Advance read- Reset read-

punch-Pch Ck punch~Pch Ck

counter Counter

) H

Diag 5-345 Dicg 5-345

|

Turn on read
check indicator
on 5424

Turn on I-O
check error
indicator on

CPU CE pane!l

TURN ON
STATUS BYTE 1

BIT 0

5-340



3 v 4 v 5
Diag 5-340 Diag 5-340 Diag 5-340
F H
Read
Punch-Pch No
Ck Count
Rd-
Pch-Pch
Cntr Bit
FC312
Set 'last
Yes cycle' latch
J
Diag 5-335
) Gear No
emitter count
512
Diag 5-330
Yes K
End feed. cycle. Diag 5-335
Turn on 'card
in wait' latch
FB301

of

Diagram 5-345. Diagnostic Read/Feed Operation Flowchart (Part 4 of 9)

Reset ' allow
read larch

Gear
emitter count

528

All cells dark-
set 'trailing
edge' latch

[ Fcaz

Reset ‘reod
diagnostic'
latch

T | FB222
Reset 'execute Reset 'execute Reset 'gate
read' latch feed' latch hopper' latch
! ¥ ]
{_FB311

All cells ite~
reset 'trailing
edge’ latch

| rs242

Hopper count
19+ set 'end
feed cycle'latch

MFCU
Clock A

|

Reset 'feed
cycle' lorch

(

leading edge'
lateh

‘card in wait’
latch

Reset ‘;nhibit) ( Set specified

|

MFCU
Clock B

Yes

Reset 'card
on way to
wait'latch

END OF
OPERATION

5424 Attachment FEMDM
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Diagram 5-350. Diagnostic Read Cycle Steal Request Timing Chart (Part 5 of 9)
(12/69) 5-350

2 v I ¢ 4 v 5 v 6 v 7 v 8 \4 9

CPU Clock

Timing chart continued on
Diagram 5-355

MFCU Clock
Gear Count Decode 11
Recd Diognostic Latch

Gate Read Sample

Read Cyclé Steal Req

Reod Priority Req

CS Prictity Bit 4 .

DBO 0 and 4 (CS Priority Gronted)

Reod 10 Cycle

MFCU 10 Cycle

LSR SEL 6 ond LSR SEL 7

Ist Diag 10 Cycle

} 2nd Diag 10 Cyclé

Modify by 32

Modify by 31 end "Minus’

Modify by 64

Modify by 128

Modify Minus

Block SDR to B ond Store Data

Gote Read Data Byte Tier-1

p Gate Reod Dota Check Byte .
i Read Date; 80* 00 Check Data | 60* , 00

Data on DBl (hexadecimol values)

Rd-Pch-Pch Ck Counter Advonce

Rd-Pch-Pch Ck Cntr Bit 1

Rd-Pch-Pch Ck Cntr Count 1

Rd-Pch-Pch Ck Cntr Count 2

Rd-Pch-Pch Ck Cntr Count 3

tast Cycle

R MU PTG

3 R e U Al R A R e um—

E) Transiate In (attachment)
CPU Translator Active ' . .
- B - oo | . §

Note: + Hexadecimal Value for LSR Address Modification
a. 60 Hex = 96 Decimal .
E b. 80 Hex = 128 Decimal )
c. BF Hex = 191 Decima!



CPU Clock

MECU Clock

Gear Count Decode 11

Read Diognostic latcn

Gote Reod Sample

Read Cycle Steol Req

Reod Priority Req

CS Priority Bit 4

DBO 0 and 4 (CS Priority Granted)
Reod l-O.Cyde

MFCU 1-0O Cycle

LSR SEL 6 and LSR SEL 7

1st Diag I-O Cycle

2nd Diag I-O Cycle

Modify by 32

Modify by 31 and Minus'

Modify by 64

Modify by 128

Modify Minus

Block SDR to B and Store Dota
Gate Read Data Byte

Gate Read Data Check Byte

Dota on DB (hexodecimal values)
Rd- Pch-Pch Ck Counter Advance
Rd-Pch-Pch Ck Cntr Bit 1
Rd-Pch-Pch Ck Cntr Count 1
Rd-Pch-Pch Ck Cntr Count 2
Rd-Pch~Pch Ck Cntr Count 3

Last Cycle

Translate ln (attachment)

CPU Translator Active

v

Diagram 5-355. Diagnostic Read Cycle Steal Request Timing Chart (Part 6 of 9)

3 v 4 v 5 v 6 v 7 \ 4 8 v 9

IBIOJllzlal415[é|7lslol1121314I5|6l71810Il1213]41'5I6!718101'l2l3l4lslél7lat<>l'1213141516l7l8101 1l213]4]
D

» VO A

LI A R S BN e R T YT AN N e gt

Senpert

Uy R S

N S A ey 10 Vi RS R AT F O, el 0,7 T ¢

2 e AT D TS, BN 3T T BRRT RO o ATS 32

AU N Py AT P 6 8 T N g P 830,

S T R T Y SRS & At R St R A SR

4TS ST R R 3o s ] £y et e S EE OGS RS

D S e

17T A AR T ot AT g P ek AR M NIRRTy RS, L o e d e, A kgt e,

N Y0 K A KT W ST g Y A

S S i 1A RS i S 5 T K59 U kPO A o O

- SN A 4 AN, 3, By AR ol RS 7 TN 28 L

A L o o T AR 31, P\ 0. S0 P, i AT N 3

2 AL AN ARSI 1B AIIADBTIRG T 0 F 6, TR~

XL o SN A4 A R €l 220 0 MBS Al AP S 2 1 20 K e

N R MBS PRl SR WA 0 2 STTY i INT S et P S A N N 0f AL

N N e SN R e R A PO A A AN OB A1 4N

PR 2

[ G 3 A R

Notes:
» Hexadecimal Value for LSR Address Modification

a. 60 Hex = 96 Decimal
b. 80 Hex = 128 Decimal
c. BF Hex = 191 Decimal

5424 Attachment FEMDM  (12/69) 5-355



Diagrarﬁ 5-360. Diagnostic Read-Punch Operation (Part 7 of 9)

2nd Diag Read-Pch Ck |1-O Cy

(12/69)  5-360

9

EV

2 v 3 v 4 5 \ 4 6
@ Last Rd-Pch-Pch Ck |-O Cy
Diog 5-130,5-365 :
5-190, 5-405
@ Read |-O Cycle
Diag 5-130
5-365
ry |-Q Bit 4
Diog 5- 010
- * Set Read-Punch Read
D Gate LIO or SNS LSR — A Check Diagnostic Mode Diagnostic
“ 1A .
Diog 5-0i0 — | FL . 2ad Diag
FC222 N 1-O Cycle
a Valid LIO Instiuction Sys or POR or NPRO Jor A
Diag 5-010 FC322
FC322
N Decode 5
[a>— or
Diag 5-010
Trailing Edge or Hopper Check Ist Diag
IAH > FC322 1-O Cycle
Diog 5-120 Punch
« Diagnostic A.
@ N Decode 6 {4 L .
FL FC322
Diog 5-010 *
Sys or POR or NPRO
& End Punch Cycle i — OR
fC FC322
Diog 5-170
S Punch Check 1-O Cycle
Diag 5-190

Diag 5-130
5-365
5-410

.
Modify by 64 {Ew >
Diag 5-175
5-365
5-410
or L= Modify by 128 {EX >

Ist Diag Rd-Pch-Pch Ck I-O Cy -

Diog 5-130
5-175
5-365
5-410

>

Diog 5-130
5-190
5-365
5-405
5-410
5-415

Read or Pch Diog Mode

Rd~ Pch-Pch Ck Counter Bit 1

Reod-Punch-
Punch-Check

/
/
/
7/
e

Inhibits Stepping Countel) )
During 'Clock 6C'

Counter
3 FFs
Diag 4-025

FC312

Read or Pch Ding Mode J@
Diog 5-415



[ BQ )
Diag 5-405

L.

C.S. Priority Bit 4

2 v 3 \ 4 4 A4 v 6 v 1 v
(not) Block Cycle Steal Request
Pch Priority Req
Gate Recd Sample Rd Priority,

AT

Read Priority Req

OR A

«

{Vo >3

Diagram 5-365. Diagnostic Read Cycle Steal Request (Part 8 of 9)

S424 Attachment FEMDM

A —c 1 _
Diag 5-125 . (not) Pch Priority FC 402 CPU FEMD 4-1C0
| AC> Execute Reod . Eecd c.s. . Clock 4
Biog 5-080 Read Cy Steal Request @
A
@ Gear Count 11 CLK 8 FF Clock 1 £C 402 rd
9 Diag 5-125 Sys or POR or NPRO )
Last Rd-Pch-Pch Ck 10 €
Recd 1O Cy - — FB 311 ch C y Lrﬂ_\_/R
A |x Last Read 10 Cycle . .
Diag 5-360
. han LSR
@ (not) Ist Diog Rd -Pch CK 10 Cy [— OR Chon L3R SEL 7 1/O IF
- CPU FEMD 4-100
Diog 5-360 I_ Lot Any MFCU | FC 422 £
Qs }
B @ Rd -Pch-Pch CK Count 3 A Last Rd-Pch-Pch CK 10 Cy See Any MFCU 10 Cy 1OCY . amy MECUIOCy
Diag 5-370 3R . A
6 Rd-Pch CK 1O Cy Clock #
\ Clock O %I/ Rd Priority Req Clock 8C Any MFCU 1O Cy D
Clock 8 FC 412 =
OR Diag 5-080
b Sys or POR or NPRO l Clock o 9
@ Fast DBO 0 Set Rd 1O Cy [ or | Chan LSR SEL 6 —\
Diag 5-180 . - oy
DBK Fost DBO 4 I R | T CPU FEMD 4-100
Diag 5-180 - R 10 Cy {Ez >
@ 2nd Diag Read-Punch Check 10 Cycle r [ Diag 5-3690
Cc L o Last Rd Pch-Pch CK 10 Cy
* Any MFCU 10 C Clock B¢ .
ny Y *
(2 = . Chen BLK SDR to B
{gate address modify) OR ll ‘0 1D
Clock 2 thru 3 A :
Rd 1O Cy - FNkY] CPU FEMD 4-100
, or “ oR Modify Bit 3 or 4 Modify Minus
ch CK 10 Cy OR
& E}} or Chan Store Data -
Diag 5-405 Rd-Pch CK 10 CY e FC 322 - U FEM'[;(: |lF0°
A Modify by 31 or |x_DBIBIt7 or kDBl sit 4 ;
* a__ ?
* Chan Translate i
* n Iransicte in
H E oD
""“““‘% g OR |+ DBI Bité or fDAB2 CPU FEMD 4-160
D I-——. 2_‘ Modify Minus
Clock 4 A * i
L o o8l Bt 2 __; FL oR Chan Binary Subt z'/O IF>
A Cbi Bt 5 ) ¢ . CPU FEMD 4-100
+ C (
o |o_Rd-Pch=Pch Ck 10 Cy OR FB637 fogk 2
Punch Dato 1O Cy }-—— : FC 302
BD « DBl Bit 1
OR
} Diag 5-175 —
@ 1st Diag Read-Pch Ck 10 Cy .
. Modify by 32 .
Diag 5-360 ‘—' NI +4 A Loy or DBl Bit 0
@ (not) Lost Pch Data 10 Cy 1 —
Diag 5-175 (DB} addresz modification) @
E . Modify by 64 Diag 5-370
Diag 5-360
@ Modify by 128
Diag 5-360

(12/69) 5-365



(DBI address modification)
I GA)
A Diag 5-365
5-410
@ Pynch Check Bits
Diag 5-410
@ Read 1O Cy
b Diag 5-365
[T 1
Rd-Peh Rd-Pch-Pch Ck Cnt 1 A «1_Gate Rd Data Byte | ]
~Pch- I !
. ‘ I
Pch Ck Rd-Pch-Pch Ck Cnt 2 : ;
B Counter Rd-Pch-Pch Ck Cor 3 i Rd Reg (X) - Ti E D8I
Dio? : L * Assembler
hd i TTTTTTTTTTM ] OR |{Read or Punch Check Bit (X) o; DBI (CPU)
A |1 Gate Rd Dota Byte 2 : g o9
H '
Rd-Pch-Pch Ck Catr Bit 1 H ] 4-020
Clock H A OR :
9 Clock 0, OThry | ' i REIOCY .
| Rd Reg (X) - T2 H
] g A [} A
1 G i 1 ! Clock 3C___ |
A Sate Rd Data Byte A 2 Gate Rd Dato Byte 3 :
i
OR | A |
Rd Reg (X) - T3
FC 302 EC 302 — : €9 8 :
FC 342 ! '
| ]
1 ¥
c | . '
L i Gate Rd Ck Byte | L
A PR E |
! Read Bit (X) ! Read Check | Device Error
: OE | i(read compare) _]_A_J FL OR L& Chan 10 Check (CPU)
]
| Rd Ck Reg (X) - Tl 8l —
Clock 2 Thru 3 : :
g — o A P ! FC 232
A Gate Rd Check Byte ! |
Clock 4 I | Gote Rd Ck Byte 2 A OR :
FC 342 ' 7 H
i
FC 302 FC 302 ! Rd Ck Reg (X) - T2 - A Recd Check Bit (X) | |
1 ] ' IND k= Read Check (5424)
D Al Gate Rd Ck Byte 3 :
|
A |
1 -
a2 : Rd Ck Reg (X) - T3 8 :
| 1
L Shows Cnly 1 Bit There Are 8 Duplicate Circuits =
____________________________________________ 4
Read Check
’ Sys or NPRO Ck Reset . @ .
ORr : Diag 2-095
SIO Cmd Sample « , 5-055

Rd-Pch-Pch Ck Cnt 3
3 c! k Cn @

E Diag 5-363

Diagram 5-370. Diagnostic Read-Punch Data Transfer (Part 9 of 9) 5424 Attachment FEMDM  (12/69) 5-370
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( START >

Stort [-O
Diagram 5-065

1. Feed cord
from wait
station.
2. Register
card at

punch

station
Diagrom 5-135

1. Set Punch
controls

2. Set Punch
daota reg

with 3 bytes
of data

from CPU
Diagrem .5-135

1. Set controls
to Pick

Punch magnets
2. Set controls
for card
advoncement

Diagram 5-140

v

Diagram 5-380. Diagnostic Punch/Feed Operation Flowchart (Part 1 of 8)

3

A 4

Diag 5~ 140

1. Set punch
check controls
2. Send 3 check
bytes to CPU
for checking

3. Send 3 check
bytes to CPU
and store

each byte

128 bytes above
original address

A

Diog 5-385

Punchk No

Advonce 'Punch
CB Counter*

l

Activate
‘punch check
cs'

Set 'Punch
Check CS Req'
latch

LNo

Send 'CS
Priority bit
4' to CPU

| 'punch check
| CS time' was
| set during

: punch step 4
| with punch

| pick CB

v

Diag 5-390

L/

CPU
respond
DBO 0 and
DBO 4

Set 'punch I-O
Cycle' and
‘any MFCU
1-O cycle

Set 'punch
check I-O
cycle' lotch

Send 'LSR SEL
5' and "LSR
SEL 7' to CPU

Send 'channel
translate in'
to CPU

l

Ist
Diagnostic
1-O cycle

No

Activate
‘normal punch
check I-O
cycle'

I

Set 'enable
punch check'
latch

8

Diag 5-385

(12/69)
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Diagram 5-385. Diagnostic Punch/Feed Operation Flowchart (Part 2 of 8) (12/69) 5-385

2 v 3 A 4 4 v 5 v 6 v 7 2 4 8 v 9

Diog 5-380 Diag 5-380
) (2
A
Rd-
(2nd diagnostic 1-O cycle) Yes Pch-Pch No (lIst diagnostic I-O cycle)

Activate 'chan

store data’

Activate 'chan
Block SDR to B

Punch Check'

Ck Cntr
bit 1

Read-
Punch~Pch

B —
27§ Subtract 191 N C;"’"'
Read- L7 1 {BF hex)from
Punch-Pch P L3R Read-
Ck count -7 Punch~-Pch
e Ck Count
Read- Lost L r——=—< 2
8 Punch-Pch 'Punch check : 1 Subtract 96
Ck count 1-O cycle’ P 1 I (60 hex)from
latch | 1 LsR
|
Store Punch Store Punch Store Punch Activate Activate Add 128 : Activate Gate Punch Gate Punch Gote Punch
Check byte 1 Check byte 2 Check byte 3 ‘channel binary ‘channel binary (80 hex) to ! 'modify by check byte 1 check byte 2 check byte 3
p from 5424 from 5424 from 5424 subt, ‘modify subt}, 'modify LSR : 128 from 5424 to from 5424 to from 5424 1o
by 128;'modify by 32' and H DBI assembler DBI ossembler DBI assembler
] by 32} and 'modify by 64' H
modify by 31" t
| I
Reset 'enable 1 A ] !

latch and - 0
c deactivate 'gate ::;::::;O%:;i. Send Punch
Punch Check' check byte
1 and 'channel
binary subt'
Send 'LSR Sel fo CPU
5' and 'LSR
Sel 7' to CPU
> l sy
bits on
DBO

D Send ‘channel
,
Reset 'Punch Send 'CS :-OC;GeCk
1-O cycle) priority bit °
‘any MFCU I-O 4'to CPU
cycle) and 'last
punch check l
. ()
'. Ocycle Advance 'rd
> Pch-Pch Ck
Counter'

Last
'Punch Check
1-O Cycle'
latch

Drop 'normal

Row Punch Check

32 Checked 1-O Cycle’

I C l I D I l F I
Diag-5-390 Diag 5-390 Diag 5-390 Diag 5-390

Set 'Pch
check'latch

]




2 v 3

Diag 5-385 Diag 5-385 Diag 5-385

No

Ck Counter

Pch-Pch
Ck Cntr bit
1

Yes

set 'last
punch check
1-O cycle’
latch

Punch
Step Count
36

Yes

Reset ‘punch
data CS
Time' latch

Set 'Punch
data CS
req' latch

Reset 'Punch
Priority req’
and 'Punch
CS req'
latches

o ()

Diag 5-380

Diagram 5-390. Diagnostic Punch/Feed Operation Flowchart (Part 3 of 8)

Reset ‘execute
punch' latch

End of Punch
Cycle. Feed
card to
corner station
Punch
step count No
37
Yes

Drop punch Lift punch Reset 'punch

eject P.R. stepper P.R. check CS

magnet magnet time' latch

, I [ J

Activate ‘end

of punch cycle

Set 'card has Reset 'punch

been punched' diagnostic

latch
Corner
Cell Dork No
Yes

Reset 'punch
unit busy'
latch

Reset 'card
has been
punched' latcn

|

END OF
PERATION

5424 Attachment FEMDM
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Diagram 5-395. Diagnostic Punch/Feed Timing Chart (Part 4 of 8) (7/70)  5-395

2 v 3 R 4 v 5 4 6 v 7 v 8 -4 9

CPU Clock Lalataslsalslelzlefol vjolaflalslelz|a]lol v l2]alals]el7i{s]o] 1213 afs]el7l8lo] 1 ]2]3]als]e]7]s] TimngChan
D A B C D 3 Continued on
MFCU Clock Diagrom 5-400
Punch CB
A Advance Pch CB Counter Latch prvcm— ™ . ekt i s 2y P i S ey s R AR R R AR

Advance Pch CB Counter

Punch Check CB

Punch Check CS Time Lotch

b Punch Check CS Req Latch

Punch Priority Request

CS Priority Bit 4

DBO 0 and 4 (CS Priority Gronted)

B Punch 1-O Cycle and MFCU 1-O Cycle

Punch Check 1-O Cycle

LSR SEL 5 and LSR SEL 7

Rd-Pch~-Pch Ck Counter Advance

> Rd-Pch-Pch Ck Counter Bit 1

Rd-Pch-Pch Ck Cntr Count 1

Rd-Pch-Pch Ck Cntr Count 2

Rd-Pch-Pch Ck Cntr Count 3

c Enable Punch Check

Ist Diag Read-Pch Ck 1-O Cy

2nd Diag Read-Pch Ck 1-O Cy

Gate Punch Check Byte

b Data on DBI thexodecimal values) S A g SRR, P e e T 2 S 7 e T N g e £ Ly a9 0 R

Normal Punch Check I-O Cycle

Set Punch Check

Modify by 128

D Modifyby 64 - T ——
Modify by 32
Modify by 31 and Minus Notes:
Modify Minus : e *Hexadecimal value for
b Last Punch Check I-O Cycle address Modification
Channel Binary Subt BANYIRGS o. 60 hex = 96 decimat

Chan Store Data b. 80 hex =128 decimal

¢. BF hex =191 decimol

Chon Block SDR to B

E Chan Tronslate In
(CPU translator active) R




2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

CPU C.ock

MFCU Clock

Punch 28

Advance Pch CB Countzr Latch

Ajvance Pch CB Counter

Punch Check CB

Punch Check CS Time Larch

Punch Check CS Req Latcn

Punch Prio‘riry Request

CS Fricrity Bit 4

DB8C 0 and 4 (CS Priority Granted)

Punch 1-O Cycle and MFCU I-O Cycle

Punch Check I-O Cucle

LSR SEL 5 ond LSR SEL 7 _ I _ Emn - - W wem =
> Rd-Fch-Pch Ck Counte- Advance | O, n n

Rd-Fch-Pch Ck Counter Bit 1

Rd-Fch-Pch Ck Cntr Count 1

Rd-Fch-Pch Ck Cntr Court 2

Rd-Pch-Pch Ck Cntr Count 3

Enatle Punch Check

Ist Dic3 Read-2ch Ck 1-O Cy
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